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Ac: acetyl
AIBN: 2,2’-azobisisobutyronitrile
Aq. aqueous
Bn: benzyl 
Boc: tert-buthoxycarbonyl
Bu: butyl
brsm: based on recovered 
starting material
c: concentrated
conc.: concentration
cat.:catalyst
calcd: calculated 
Cbz:benzyloxycarbonyl
ºC: degrees Celsius
CSA: 10-camphorsulfonic acid
d: day(s)
dba: dibenzylideneacetone
DBU: 1,8-diazabicyclo[5.4.0]undec-7-ene     
DIBAL: diisobutylaluminium hydride
DCE: 1,2-dichloroethane
DCM: dichloromethane
DEAD: Diethyl azodicarboxylate
DMAP: 4-N,N-dimethylaminopyridine
DME: Dimethoxyethane
D M E A D : D i - 2 - m e t h o x y e t h y l 
azodicarboxylate
DMEN: N,N’-dimethylethylenediamine
DMF: N,N-dimethylformamide
DMSO: dimethylsulfoxide
DMP: Dess-Martin periodinane
DPPA: diphenylphosphoryl azide
dppb: 1,4-bis(diphenylphosphino)butane
dppp: 1,3-Bis(diphenylphosphino)propane
dr: diastereomeric ratio
ee: enantiomeric excess
EI: electron impact
eq: equivalent
ESI: electrospray ionization
Et: ethyl
FAB: fast atom bombardment 
h: hour(s)
HMPA: hexamethylphosphoramide
HRMS: high-resolution mass spectrometry
i-: iso
IBX: 2-iodoxybenzoic acid
Imid: imidazole
Hz: hertz
IR: infrared
LAH: Lithium Alminum Hydride
LDA: lithium diisopropylamide
LHMDS: lithium hexamethyldisilazide
LRMS: low-resolution mass spectrometry
LP: less polar
mCPBA: meta-chloroperbenzoic acid
m: meta
M: molar (moles per liter)
Me: methyl
min: minute(s)
MOM: methoxymethyl
MS: mass spectrometry
MS: molecular sieves
Ms: Mesyl
MP: more polar
n-: normal
NBS: N-bromosuccinimide 
NCS: N-chlorosuccinimide
???
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NMO: N-methylmorpholine-N-oxide
NMP: N-methylpyrrolidone
NMR: nuclear magnetic resonance 
NOE: nuclear Overhauser effect
NR: no reaction
Ns: p-nitrobenzenesulfonyl
o: ortho
Ox.: oxidation
p: para
PCC: pyridinium chlorochromate
PDC: pyridinium dichromate
PG: protective group
Ph: phenyl
Pr: propyl
Py.: pyridine
quant.: quantitative yield
RCM: ring closing metathesis
rt: room temperature
sat.: saturated
SET: single electron transfer
sln.: solution
SM: starting material
SN: nucleophilic substitution 
t: tertiary
TBAF: tetrabutylammonium fluoride
TBDPS: t-butyl diphenylsilyl
TBHP: tert-butyl hydroperoxide
TBS: tert-butyldimethylsilyl
temp.: temperature
TEMPO: (2,2,6,6-tetramethylpiperidin-1-
yl)oxy
Teoc: (2-trimethylsilyl)ethoxycarbonyl
Tf: trifluoromethanesulfonyl
TFA: trifluoroacetic acid
TFAA: trifluoroacetic anhydride
THF: tetrahydrofuran
TLC: thin-layer chromatography
T M E D A : N , N , N ’ , N ’ -
tetramethylethylenediamine
TMS: trimethylsilyl
TPAP:tetrapropylammonium perruthenate
Ts: p-toluenesulfonyl
UV: ultraviolet
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Fig. 1 Structure of lundurines and related Kopsia alkaloids
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Compound
Lundurine A
Lundurine B
Lundurine C
Lundurine D
B16 melanoma
>25
2.8
>25
7.2
KB/S*
>25
19
>25
>25
KB/VJ300*
>25
15.5
>25
>25
KB/V300**
8.8
4.6
14.2
4.6
Table 1 Cytotoxic Effect of Lundurine A, B, C, and D
*KB/S and KB/VJ300 are vincristine-sensitive and -resistant human oral 
epidermoid carcinoma cell line, respectively. **With added vincristine 0.1 µg/ml.
Kam,T-S.; Chuah, C-H. Tetrahedron  2004, 60, 10739-10745.
LD50 value (mg/ml)
27.6
 2.5
 9.1
15.2
Compound
Lundurine B
Vincristine Sulfate
Vindesine Sulfate
Vinblastine Sulfate
Table 2 LD50 of Lundurine B and
               Vinca Alkaloids for Mice
Kam, T. et al. Jpn. Kokai Tokkyo Koho,
Patent No.10045760.
IC50 value (µg/ml)
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Fig. 2 Structural determination of lundurine A (1)
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Scheme 2 Cyclopropanation mediated by I2
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Scheme 3 Our first total synthesis of (±)-lundurine B (2)
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Entry  
1
2
3
4
5
Reagents  
EtOAc/LDA
EtOAc/LHMDS
EtOAc/NaHMDS
vinylMgBr
allylMgBr
Yield of 41+49 (%)  
41 (41a+49a)
46 (41a+49a)
27 (41a+49a)
62 (41b+49b)
65 (41c+49c)
Ratio (41:49)  
1:1
2:1
6:1
>30:1
5:1
+
Table 3. Two-steps addition of organometallic reagents to 43
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Scheme 7 Total synthesis of (–)-lundurine A (1) by copper-catalyzed cyclopropanation of diazo 56
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Scheme 10 Synthetic plan for the construction of core structure
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Scheme 13 Model study for the cyclization using SmI2
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Scheme 15 Attempted cytclization for spiro 6-membered ring
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1) H2SO4, MeOH
    reflux, 3 h
2) Boc2O, Et3N, DMAP
    THF, rt, 20 h
    90: 15%
    91: 56%
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O
Scheme 17 Synthesis of spirodiketone 93
LHMDS
THF, rt
3 h, 48%
NaCl, H2O
DMSO, 160 ºC
3 h, 62%
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O CO2Et
CO2Et
84 89 90
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92 93
MeO CO2H
Br NAc
O
N
Boc
O CO2Me
CO2Me
N
O CO2Me
O
+
MeO
MeOMeO
N
Ac
O CO2Me
CO2Me
MeO
1) KOH, K2CO3, glycine
   Cu powder, H2O, reflux, 15 h
   then HCl
2) NaOAc, Ac2O, reflux, 5 h
3) Na2SO3, EtOH, H2O, reflux, 2 h
methyl acrylate, DBU
THF, rt, 12 h
1) K2CO3, MeOH, rt, 12 h
2) Boc2O, Et3N, DMAP
    THF, reflux, 13 h
    97: 6%, 98: 26%
    (6 steps)
1) K2CO3, MeOH, rt, 2 h
2) Boc2O, Et3N, DMAP
    THF, reflux, 13 h, 84%
N
H
O
MeO
O N
Boc
O
MeO
O
N
Boc
O
MeO
O
Scheme 18 Synthesis of spirodiketone
1) LHMDS, THF, -40 ºC, 14 h
2) NaCl, H2O, DMSO, 160 ºC
    4 h
Boc2O, Et3N, DMAP
THF, reflux, 10 h
72% (3 steps)
IBX
PhF, DMSO
80 ºC, 21 h
86%
25 g (18,000 yen)
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99 100 80
15.7 g (31%)
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(TMSOCH2)2, TMSOTf
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Scheme 19 Attempted C2 homologation by HWE reaction
(MeO)2P(O)CH2CO2Me, NaH
THF, reflux, 17 h
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Scheme 20 Synthesis of 105
ethoxyacetylene
n-BuLi
THF, -78 ºC to rt
3 h
Cu(OTf)2
DCM, EtOH
rt, 2 h
p-TsOH
acetone, 40 ºC
14 h
H
101
104103 105
N
Boc
MeO
MeO2C
O
IBX
PhF, DMSO
85 ºC, 2.5 days
5%
Scheme 21 Oxidation of cyclohexanone
 LHMDS, TMSCl
 
THF, -78 oC, 1 h NBoc
MeO
MeO2C
OTMS
Pd(OAc)2
O2, DMSO, rt, 15 h
71% (6 steps)
107
105 105
106
106
??????
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?????????????????????????????????????????????
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?????????? ???????????????????????????????????????????
?????????????????????????????????????????????
????????????????????????????????????????????
???????????????????????????????????? ???????????????
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?????????????????????????????????????????????
???????????????????????????????????????????????
?????????????
entry
1a)
2 
3
additive (20 eq)
none
HMPA
LiBrb)
time
3 h
3 h 
5 min
yield (%)
34 
10-30 
86
(a) : SM was the mixture of EZ- isomers (E/Z = 5/1).
(b) : Flowers, II, R. A. et al., J. Am. Chem. Soc. 2000, 122, 7718.
E1/2 (V)b)
-0.98 ± 0.04
-1.75 ± 0.06
-1.55 ± 0.07
N
Boc
MeO
MeO2C
O
SmI2 (3.5 equiv)
t-BuOH (5 equiv)
additive, THF (0.01 M)
-78 ºC
N
Boc
MeO
CO2Et
O
H
Table 4 Cyclization using SmI2
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???????????????????????????????????????????
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Boc
MeO
H
OH
OH
TMS
N
Boc
MeO
H
OH
NHNs
TMS
N
Boc
NNs
MeO
H
DIBAL
toluene
-78 ºC, 3.5 h
61%
NsNH2, PPh3
DEAD
toluene, rt, 5 h
40%
H2SO4
DCM, 0 ºC
Scheme 22 Attempted cyclization promoted by acid
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THF, –78 ºC
16 h, 60%
dr = 20:1
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Scheme 23 Attempted Nicholas reaction
N
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MeO
H
OH
NHNs
TMS
Co(CO)6
Co2(CO)8
DCM, rt
2 h, quant.
TFA or BF3•OEt2
DCM, -40 ºC
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Scheme 24 Allylic amination by Cu(I)
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Scheme 25 Attempted Murahashi amination
DPPA, DBU
DMF, 65 ºC
13 h
K2CO3
MeOH, rt
1 h
Ac2O, DMAP
Py., 65 ºC
14 h
64% (3 steps)
PPh3
H2O, EtOH
rt, 36 h
94%
CuCl, iPr2NEt
DCM, reflux, 2 h
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118 119 120
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H
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N
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Lindlar cat.
quinoline
AcOEt
rt, 1.5 h
94%
Table 5 Tsuji-Trost reaction
entry
1 
 
2
Pd
 
[(allyl)PdCl]2
Pd(PPh3)4
conditions
  
rt, 30 min
65 ºC, 11 h
reagent
 
P(OEt)3, THF
Et3N, MeCN
result
trace
  
78 %119 121
122
Pd
N
R
R
MeO
H
compound
Lundurine A (1)
Lundurine B (2)
Lundurine C (3) 
122
107
108
121
Lundurine A, B, C
ppm (C16-H)
1.12
1.04
0.98
1.04
1.47
1.05
0.96
J (Hz) (C16-H)
d, 5.4
d, 5.4
d, 5.4
d, 5.2
d, 8.4
dd, 10.0, 4.8
dd, 9.6, 3.6
Table 6
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R3
R2
N
CO2Me
N
MeO
X
H
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MeO
H
N
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MeO
CO2Et
O
H
N
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MeO
CO2Me
H
OH
TMS
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CO2Me
MeO
H
NH2
OAc
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107 108 121
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N
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O
H
CH2=CHC(O)Cl
Et3N
DMAP, DCM
0 ºC, 2 h
quant.
N-Boc-lundurine A (124)
Grubbs 2nd cat.
toluene, 50 ºC
12 h, 60%
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H
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Scheme 26 Synthesis of N-Boc-Lundurine A, B
allylBr, K2CO3
MeCN, 50 ºC
5 h
Grubbs 2nd cat.
DCM, reflux, 11 h
quant. (2 steps)
N-Boc-Lunduirne B (38)
122 123
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Scheme 27 Quinoline formation
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Fig. 2 Structural determination of 125
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Cl3CCO2Na, DME, reflux, 4 h
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Hg(Ph)(CBr3), benzene, reflux, 24 h
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Scheme 28 Ciamician-Dennstedt rearrangement
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Scheme 29 Plausible mechanism of quinoline formation
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MeO
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O
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CO2Me
MeO
CO2Et
O
H1) TFA, TMSOTf
    DCM, 0 ºC, 15 min
2) ClCO2Me, K2CO3
    reflux, 13 h
    77% (2 steps)
SmI2
t-BuOH
additive
THF, -78 ºC
entry
1
2
3
4
additive
none
HMPA
LiBr
LiCl
time
3 h
5 min
1 min
1 min
yield
34
23
42
52
Table 7 Introduction of CO2Me and cyclization using SmI2
106 135 136
Vinyl MgBr, CeCl3 
-78 oC, 2 h, 71%
(dr = 2/1)
N
CO2Me
MeO
CO2Et
H
OH
LiBH4 , MeOH
THF, rt, 6 h, quant. NCO2Me
MeO
H
OH
OH 1) TsCl, Et3N
    DCM, 0 oC, 2 h
2) NaN3, DMF, 65 oC, 2 h
    quant. (2 steps)
N
CO2Me
MeO
H
OH
N3
Ac2O, DMAP, py., 100 °C
or
AcCl, NaH, DCM, rt
137 138
139 140
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Scheme 30 Attempted acylation
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Scheme 31 Attempted Staudinger reaction
TMSacetylene
n-BuLi
Et2O, -78 ºC
5 h, 86% (dr = 6/1)
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CO2Me
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CO2Et
H
OH
TMS
LiBH4, EtOH
THF, rt, 20 h
61% (major)
TsCl, DMAP
Et3N
DCM, 0 ºC
2 h
N
CO2Me
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H
OH
TMS
N3
NaN3
DMF, 80 ºC
2 h
1) K2CO3, MeOH
    rt, 1.5 h
2) Ac2O, DMAP
    Py., 65 ºC, 17 h
    79% (4 steps)
PPh3
H2O, THF
rt, 12 h
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Scheme 32 Total syntheses of lundurine A, B
SmI2
THF, 0 ºC
10 min
Lindlar cat., quinoline
AcOEt, rt, 3 h
73% (2 steps)
Pd(PPh3)4
Et3N, MeCN
65 ºC, 13 h
98%
CH2=CHC(O)Cl
Et3N
DMAP, DCM
0 ºC, 2 h
N
CO2Me
N
MeO
H
O
Grubbs 2nd cat.
DCE, 50 ºC, 12 h
70% (2 steps)
lundurine A (1)
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N
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H
N
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N
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H
allylBr, K2CO3
MeCN, 50 ºC
2 h
Grubbs 2nd cat.
DCM, rt, 12 h
85% (2 steps)
lundurine B (2)
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Scheme 33 Strategy for the enantioselective total synthesis of lundurines
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Scheme 34 Example for the use of chiral lithium amide
Fig. 3 Chiral lithium amide
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????????????????????????????[α]D25 –52.1 (c 1.0, CHCl3)??????
?????????????????????????????????????????????
???????????????????
?
O
t-Bu
TMSCl, THF
∗
OTMS
t-Bu
∗
N
Li
Ph
R
entry  
1
2
3
4
5
6
7
R 
CH2F
CHF2
CF3 (167)
CF3 (167)
Me
t-Bu
CH2NMe3
temp. (ºC)  
–78
–78
–78
–100
–78
–78
–78
Results   
61%, 43% ee
66%, 59% ee
98%, 89% ee
86%, 92% ee
55%, 41% ee
94%, 32% ee
92%, 18% ee
Table 8 Koga's enantioselective deprotonation
165 166
NH2
Ph TFAA, Et3N
DCM, 0 ºC to rt
ovn
N
H
Ph
CF3
O LAH
Et2O, reflux
2 h
N
H
Ph
CF3
Scheme 35. Preparation of chiral amine 167
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N
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*ee was determined after transformation to 168
Scheme 36. Enantioselective deprotonation
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TMS acetylene
n-BuLi
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Scheme 37 Determination of the absolute configuration
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1)NaN3, DMF, 80 ºC, 2 h
   then K2CO3, MeOH, rt, 5 min
2) Ac2O, DMAP, Py. 65 ºC, ovn
    78% (2 steps)
1) PPh3, THF/H2O
    (10/1), rt, ovn, 100%
2) Lindlar cat., H2
    quinoline, EtOAc
    rt, 3 h, 94%,
Pd(PPh3)4 (10 mol%), Et3N
MeCN, 60 oC, 11 h, 98%
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Scheme 38. Synthesis of N-Boc-lundurine B
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Scheme 39. Ofune's transcarbamation
169 170
171
??????
29
???????????????????????????????????????????????
?????????? ??????????????????????????? ??????????????????
???????????????????????????????
N O
O
BnO
H
MeO TBSOTf (10 eq)base (20 eq)
DCM, rt
O O
t-Bu
N O
O
BnO
H
MeO
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O O
entry 
1
2
3
base
2,6-lutidine
Et3N
TMEDA
yield (%) 
trace
trace
69
Table 9 Transcarbamation
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MeO
H
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MeO
HTBSOTfTMEDA
DCM
MeI, TBAF
MS4A
THF, 0 ºC
50% (2 steps)
(–)-lundurine B (2)
N
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N
MeO
H Natural lundurine B
[α]24D –34 (CHCl3, c 0.158)
Synthetic lundurine B
[α]24D –30 (CHCl3, c 0.10)
Scheme 40 Asymmetric total synthesis of (–)-lundurine B (2)
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Scheme 41 Total synthesis of (±)-lundurine A (1) and B (2)
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Scheme 42 Asymmetric total synthesis of (–)-lundurine B (2)
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Fig 5. Structural determination of lapidilectine B (5)
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Fig. 4 Structure of Malaysian Kopsia alkaloids
18
N
N
CO2Me
O O
??????
33
????????????????????????????????????
????????????????????????????????????????????????????????? ????
???????????????????????????????????????????????
???? ????????????????????????????????????????????????
????????????
??????????????????????????????????????????????
???????????????????????????????????????????????? ????
???????????????????????????????????????????????????
?????????????????????????????????????????????
??????????????????????????????????????????????
??????????????????????????????????????????????
???????????????????????????????? ???????????????????????
???????????????????????????????????????????
????????????????????????????????????????????
O OBn Me3Sn OBn
O
OBnN
N N
O
O
OBnNH2
O
OBnN3
N
H
O
OBn
1) PhNTf2, LDA
    THF, 82%
2) (Me3Sn)2, LiCl
    Pd(PPh3)4, THF
    91%
CO, Pd2(dba)3
Ph3As, LiCl
MS 4A, NMP
N
N
N
O
I
1) (2-thienyl)Cu(CN)Li
    CH2=CHMgBr
    BF3OEt2, THF, 84% 
2) cHCl, MeOH
    88%
1) cHCl, NaNO2
    H2O
2) NaN3
KOH
i-PrOH
68% (dr = 2.2:1)
(3 steps)
, 98%
N
CO2Me
O
OBn
HO OH
N
CO2Me
OBn
O OMe
1)  t-BuLi, THF
    MeOCOCl, 89%
2) OsO4, NMO
    acetone, 87%
1) AllylMgBr, THF
2) NaIO4, aq. THF
    75% (2 steps)
3) CSA, MeOH
    82%
1) O3, py. DCM
    MeOH, NaBH4
    87%
2) TBDPSCl, imid
     DCM, 87% NCO2Me
OBn
O OMe
TBDPSO
N
CO2Me
O OMe
TBDPSO
O
1) Pd(OH)2, EtOH
    cyclohexene, 92%
2) TPAP, NMO, MS4A
    DCM, 95%
1) H2NCH2SnBu3
    AlMe3, toluene
2) CH2=CHSPh
    n-BuLi, THF
    75% (2 steps) NCO2Me
O OMe
TBDPSO
HN
N
CO2Me
O OMe
TBDPSO
N
Teoc
1) TeocCl, iPr2NEt
    DCM, 91%
2) mCPBA, NaHCO3
    DCM, 88%
3) py., Cl2C=CCl2
    85%
1) BCl3, DCM
2) PCC, DCM
    45% (2 steps)
3) HFpy., THF, 88%
4) MsCl, iPr2NEt
    DCM, 92% NCO2Me
O
MsO
N
Teoc
O 1) TFA, DCM
2) DBU, MeCN
    76% (2 steps) NCO2Me
O NO
N
N
CO2Me
O O
(±)-lapidilectine B (5)
178 179
181
182
183 184 185
186 187 188 189
190 191
Scheme 44 Total synthesis of (±)-5
SPh
180
N
N
O O
CO2Me
lapidilectine B (5)
N
CO2Me
O OMe
X
N
Li
SPh
176 177
Scheme 43 Pearson's strategy for the construction of 5-membered heterocycle
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Scheme 46 Sarpong's work
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Scheme 47 Retrosynthetic analysis
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Scheme 48 1st generation synthesis of spirodiketone 100
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Scheme 49 New strategy for the synthesis of spirodiketone
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217a-e 218a-e 219a-e
entry  
1
2
3
4
5
X  
N
N
N
CH
CH
R   
CO2Et
Bn
CH2CH2CHPh
H
t-Bu
Yield (%)  
33 (219a)
57 (219b)
57 (219c)
58 (219d)
45 (219e)
Table 10 Radical cyclization
I CN
R2
R1
Pd(OAc)2 (10 mol%)
PPh3 (20 mol%)
Et3N (1.2 eq)
DMF/H2O (9/1, 0.05 M)
130 ºC, 12-15 h
O
R2
R1
H CN
R2
R1
R1, R2 
Me, Me
Ph, Ph
H, Et
-(CH2)5-
Yield (%)  
88 (221a), 12 (222a)
92 (221b), 7 (222b)
30 (221c), 50 (222c)
86 (221d), 8 (222d)
entry  
1
2
3
4
Table 11 Pd-catalyzed cyclization
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[H]
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Carbo-palladation
to nitrile
Hydrolysis
Scheme 50 Prausible mechanism of Pd-catalyzed cyclization
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Scheme 51 Ni-catalyzed cyclization
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Scheme 52. Preparation of Cyclization Precursor
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O
Conditions 
Pd(OAc)2 (20 mol%), PPh3 (40 mol%), Et3N (1.5 eq), H2O/DMF, 130 ºC, 14 h 
n-BuLi (1 eq), THF, –78 ºC, 5 min, then 1N HCl, 50 ºC, 12 h
PhMgCl (1.2 eq), THF, 0 ºC 
PhMgCl (1.2 eq), THF, rt
iPrMgCl (2.2 eq), THF, 0 ºC, 10 min, then 1N HCl, 50 ºC, 19 h
Entry  
1
2
3
4
5
results  
231: 19%, 232: 50%
214: 73%
NR
NR
214: 90%
231 232 214
Table 12 Cyclization
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1) chiral amine
    n-BuLi, TMSCl, THF
2) Pd(OAc)2, MeCN
Entry 
1
2
3
4
5
Chiral Amine Temp. 
–78 ºC
–100 ºC
–100 ºC
–78 ºC
–100 ºC
Ph
N
H
CF3
Yield of enone 
96%, 59% ee
90%, 76% ee
86%, 91% ee
92%, 65% ee
85%, 75% ee
Ph
N
H
PhPh
Ph
*N-Boc substrate(234) was used.
N
O
O
CO2Me
N
O
O
CO2Me
Table 13 Enantioselective deprotonation
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Fig. 7 X-ray Crystallograohic Analysis of 207
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Scheme 53 Attempted hydrocyanation
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Scheme 54. Selective transformation of diketone
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Scheme 55. Lactone formation
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Scheme 56 Attempted azidation
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Scheme 57 Mitsunobu azidation and deacetalization
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Scheme 58 Addition of vinylMgBr
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Acetylation Entry  
1
2
3
4
5
6
7
Conditions  
Ac2O, DMAP, Py., rt
Ac2O, DMAP, Py., 60 ºC
Ac2O, Et3N, DMAP, DCM, 0 ºC to rt
NaH, AcCl, THF, 0 ºC to rt
InCl3, Ac2O, DCM, 0 ºC
MsCl, Et3N, DCM
p-TsOH (0.3 eq), Ac2O, rt, 30 min
Results   
NR
complex mixture
NR
complex mixture
diene (248 and/or 249) was observed
diene (248 and/or 249) was observed
quant. (247)
N
O O
N3
CO2Me
N
O
O
N3
CO2Me
Table 14 Attempted acylation
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Pd(PPh3)4
Et3N, MeCN
65 ºC, 70%
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O O
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OAc
CO2Me
N
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O O
CO2Me
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O
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DCM, rt
 Grubbs cat. 2nd   
DCE, 50 ºC
92% (2 steps)
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(+)-grandilodine C (6)
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CO2Me
[α]D +60.38 
(c  0.08, CHCl3) 
lit: [α]D +61 
(c  0.55, CHCl3)
Scheme 59 Total synthesis of (+)-grandolodine C (6)
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Scheme 62 Chemo-selective reduction of lactam
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Scheme 64 Enantioselective synthesis of 207
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Scheme 66 Total synthesis of (±)-lundurine A (1) and B (2)
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[Experimental Section]11), 26), 40)
General Remarks:
All reactions were performed with dry 
solvents and reagents were purified by the 
usual methods. Reactions were monitored 
by thin-layer chromatography carried out on 
0.25 mm Merck silica gel plates (60F-254). 
Column chromatography was performed 
with silica gel (Fuji Silysia, PSQ-60B or 
Wako, Wakogel® 60N, 38?100 µm) DIOL-
silica (Fuji Silysia, MB100-40/75) or NH-
silica (Fuji Silysia, DM2035). IR spectra 
were recorded on a JASCO FT/IR-230 or 
JASCO FT/IR-4700. NMR spectra were 
recorded on spectrometers of JEOL-JMN-
ECS-400, ECP-400 ECZ-400, ECZ-600 and 
ECA-600 operating at 400 and 600 MHz for 
1H NMR and 100 and 150 MHz for 13C 
NMR with calibration using residual 
undeuterated solvent as an internal 
reference. Mass spectra was measured by 
JEOL GC-MATE BU-20 and The 
AccuTOFLC- plus JMS-T100LP for LRMS 
and HRMS. Optical rotations were analyzed 
using JASCO P-1020 Polarimeter or JASCO 
P-2200 Polarimeter.
??????????
 To a mixture of KOH (8.96 
g, 160 mmol), K2CO3 (8.82 
g, 63.9 mmol), glycine (6.23 
g, 83.0 mmol) and Cu 
powder (20 mg, 0.313 mmol) 
in H2O (64 mL) was added 2-chlorobenzoic 
CO2H
N
H
CO2H
75
acid 95 (25 g, 108 mmol) and then the 
mixture was heated for 11 h under reflux 
condition. The reaction was quenched by 
cHCl (20 mL) at 0 ºC which acidify the 
solution to pH = 1 and the following 
filtration gave dicarboxylic acid 75 (12.4 g, 
99%) as a yellow solid.
1H NMR (400 MHz, DMSO-d6) δ: 3.97 (s, 
2H), 6.54-6.60 (m, 2H), 7.34 (t, J = 7.6 Hz, 
1H), 7.79 (d, J = 8.0 Hz, 1H), 8.10 (bs, 1H), 
12.7 (bs, 1H)
 A solution of the above 
dicarboxylic acid 75 (1.0 g, 5.12 
mmol) and NaOAc (0.423 g, 
5.16 mmol) in Ac2O (5 mL) was 
heated at 140 °C for 5 h. After 
removal of the solvent by concentration in 
vacuo, the resulting residue was dissolved 
in DCM and water was added. The mixture 
was extracted with DCM (100 mL ×  3), and 
the combined organic layers were washed 
by brine, dried over Na2SO4. Following 
filtration and concentration gave a crude 
indol derivative as a brown solid which was 
purified by column chromatography 
(hexane:AcOEt = 2:1) to gave 76 (0.731 g, 
66%) as yellow oil.
1H NMR (400 MHz, CDCl3) δ: 2.39 (s, 3H), 
2.62 (s, 3H), 7.29-7.33 (m, 1H), 7.40 (m, 
1H), 7.74 (d, J = 8.0 Hz, 1H), 7.72 (s, 1H), 
8.47 (d, J = 8.0 Hz, 1H).
N
Ac
OAc
76
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 Na2SO3(883 mg, 7.00 mmol) in 
H2O (20 mL) was added to the 
solution of 76 (1.52 g, 7.00 mmol) 
in EtOH (20 mL) at 80 °C. After 
being stirred for 2 h, the mixture was 
concentrated in vacuo. The resulting residue 
was dissolved in DCM and water was 
added. The mixture was extracted by DCM 
(100 mL ×  3) and washed with brine and 
dried over Na2SO4. Following filtration and 
concentration in vacuo gave 77 as a yellow 
solid.
1H NMR (400 MHz, CDCl3) δ: 2.33 (s, 3H), 
4.31 (s, 2H), 7.21-7.25 (m, 1H), 7.76 (d, J = 
7.6 Hz, 1H), 7.68 (t, J = 8.0 Hz, 1H), 8.58 
(d, J = 8.0 Hz, 1H)
13C NMR (100 MHz, CDCl3) δ: 23.0, 54.9, 
117.4, 122.5, 123.1,123.6, 136.2, 152.4, 
167.2, 193.4
To a solution of methyl 
acrylate (45.7 mg, 0.286 
mmol) and 77 (100 mg, 
0.571 mmol) in THF (3.0 
mL) was added DBU (43.4 
mg, 0.286 mmol) at 0 ºC. After being stirred 
for 16 h, the reaction was quenched with 
sat. NH4Cl. The mixture was extracted with 
AcOEt (100 mL ×  3) and the organic layers 
were washed with brine and dried over 
Na2SO4. And concentration in vacuo gave 
the crude product of Michael adduct. To a 
solution of methyl propyolate (144 mg, 1.71 
mmol) and crude compound in THF (3.0 
mL) was added tBuOK (30.0 mg, 0.268 
mmol) at 0 ºC. After being stirred for 1 h, 
N
Ac
O
77
N
Ac
O CO2Me
CO2Me
78
the reaction was quenched with sat.NH4Cl. 
The mixture was extracted with AcOEt (100 
mL × 3) and the organic layers were washed 
with brine and dried over Na2SO4. And 
concentration in vacuo gave the crude 
product which was purified by column 
chromatography (hexane:AcOEt = 2:1) to 
gave cis-78 (37%) and trans-78 (28%).
trans-78: 1H NMR (400 Hz, CDCl3,) δ: 
2.06 (t, J = 8.0 Hz, 2H), 2.37 (s, 1H), 
2.67-2.86 (m, 2H), 3.57 (s, 2H), 3.72 (s, 
3H), 6.05 (d, J = 16.0 Hz, 1H) 6.88 (d, J = 
16.0 Hz, 1H), 7.23-7.27 (m, 1H), 7.69-7.77 
(m, 2H), 8.41 (br, 1H)
13C NMR (100 Hz, CDCl3) δ: 27.9, 30.6, 
51.7, 51.7, 73.4, 77.3, 118.1, 122.8, 123.0, 
124.8, 124.9, 138.0, 144.1, 153.3, 165.4, 
168.7, 171.8, 195.1
IR (neat) ν: 1607, 1677, 1721
HRMS (ESI) m/ z calcd for C18H19NO6Na 
[M+Na]+ 368.11101, found 368.11115
cis-78: 1H NMR (400 Hz, CDCl3) δ: 2.13 (t, 
J = 8.0 Hz, 2H), 2.40 (br, 3H), 2.56-2.71 
(m, 2H), 3.28 (s, 3H), 3.58 (s, 3H), 5.96 (d, 
J = 12.0 Hz, 1H), 6.28 (d, J = 12.0 Hz, 1H), 
7.22-7.26 (m, 1H), 7.65-7.69 (m, 1H), 
7.76-7.80 (m, 1H)
IR (neat) ν: 1608, 1669, 1719
HRMS (ESI) m/ z calcd for C18H19NO6Na 
[M+Na]+ 368.11101, found 368.11024
To a solution of trans-78 
(33.9 mg, 0.0983 mmol) 
in THF (0.3 mL) was 
added SmI2 (2.5 mL, 
0.250 mmol) at -78 ºC to 
N
Ac
CO2Me
CO2Me
HO
79
H
H
nOeH
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rt. After stirred for 1.5 h, sat NH4Cl aq was 
added and extracted with AcOEt (100 mL × 
3) and organic layers were washed with 
brine and dried over Na2SO4. After removal 
of solvents followed by column 
chromatography (hexane:AcOEt = 4:1 to 
1:1) gave 79 (10.8 g, 0.0311 mmol) in 34% 
yield as yellow oil. 1H NMR (400 Hz, 
CDCl3) δ: 1.50 (t, J = 6.8 Hz, 1H), 
2.02-2.14 (m, 1H), 2.45 (s, 3H), 2.60-2.68 
(m, 1H), 2.77-2.83 (m, 1H), 3.26 (s, 3H), 
3.72 (s, 3H), 4.63 (br, 1H), 7.05 (t, J = 7.2 
Hz, 1H), 7.16 (t, J = 7.2 Hz, 1H), 7.38 (d, J 
= 6.8 Hz, 1H), 7.86 (br, 1H)
HRMS (ESI) m/ z calcd for 370.12666 [M
+Na]+, found 370.12583
To a solution of 80 
(73.1 mg, 0.213 mmol) 
and tBuOH (61 µL, 
0.639 mmol) in THF 
(1.1 mL) was added 
SmI2 (1.0 mL, 0.500 mmol) at -10 ºC. After 
stirred for 2.5 h, sat NH4Cl aq was added 
and extracted with AcOEt (100 mL × 3) and 
organic layers were washed with brine and 
dried over Na2SO4. After removal of 
solvents followed by column 
chromatography (hexane:AcOEt = 4:1 to 
1:1) gave 81 (31.0 mg, 0.0899 mmol) in 
42% yield as yellow oil.
1H NMR (400 MHz, CDCl3) δ: 1.36 (d, J = 
9.6 Hz, 1H), 1.60 (s, 9H), 2.24-2.33(m, 2H), 
2.56-2.61 (m, 1H), 2.69-2.77 (m, 2H), 2.92 
(br, 1H), 3.74 (s, 3H), 4.12 (br, 1H), 6.72 
N
Boc
HO
MeO
O
H
81
(d, J = 8.8 Hz, 1H), 7.00 (s, 1H), 7.55 (br, 
1H)
13C NMR (100 MHz, CDCl3) δ: 22.7, 27.7, 
28.5, 33.7, 37.9, 48.2, 55.8, 64.2, 82.1108.3, 
113.4, 116.6, 134.0, 134.6, 152.8, 155.7, 
213.2 
HRMS (ESI) m/ z calcd for 368.14739 [M
+Na]+, found 368.14666
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To a solution of ethyl 
acrylate (1.71 g, 17.1 
mmol) and 77 (1.0 g, 5.71 
mmol) in THF (12 mL) 
was added DBU (434 mg, 
2.86 mmol) at room temperature. After 
being stirred for 14 h, the reaction was 
quenched with sat. NH4Cl. The mixture was 
extracted with AcOEt (100 mL ×  3) and the 
organic layers were washed with brine and 
dried over Na2SO4. After removal of 
solvents followed by column 
chromatography (hexane:AcOEt = 4:1) gave 
84 (1.8 g,  4.8 mmol) in 86% yield as 
yellow oil.
1H NMR (400 Hz, CDCl3) δ: 1.16 (t, J = 7.2 
Hz, 6H), 1.95-2.01 (m, 2H), 2.33-2.40 (m, 
2H), 2.55 (s, 3H), 2.69 (br, 2H), 4.01 (q, J = 
7.2 Hz, 4H), 7.24 (t, J = 7.6 Hz, 1H), 
7.67-7.72 (m, 1H), 7.79 (d, J = 8.0 Hz, 1H) 
To a solution of 84 (700 
mg, 2.19 mmol) in water 
(10 mL) and MeOH (10 
mL) was added KOH (1.2 
g, 22 mmol) and the 
mixture was warm up to reflux. After stirred 
for 2.5 days, 1N HCl was added and the 
water was removed in vacuo. The residue 
was disolved in MeOH and filtration 
followed by concentration in vacuo to give 
crude 89.
1H NMR (400 MHz, D2O) δ: 2.09-2.28 (m, 
8H), 6.95 (t, J = 7.6 Hz, 1H), 7.12 (d, J = 
N
Ac
O CO2Et
CO2Et
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7.6 Hz, 1H), 7.62 (d, J = 7.6 Hz, 1H), 7.70 
(t, J = 7.6 Hz, 1H)
 Then crude carboxylic acid 89 (2.53 
mmol)was disolved in MeOH (4 mL) and 
H2SO4 (2 mL) was addeed at rt. The mixture 
was warmed up to reflux for 3 h. NaHCO3 
was added at 0 ºC and MeOH was removed 
in vacuo. The residue was disolved in DCM 
and washed with  brine and dried over 
Na2SO4. After filtration followed by 
removal solvents in vacuo gave a crude 
mixture of methylester and lactam 90. A 
solution of above mixture, Et3N (1.1 mL, 
7.86 mmol) and DMAP (80.0 mg, 0.655 
mmol) in THF (6.5 mL) was added Boc2O 
(429 g, 1.97 mmol) at room temperature. 
After being stirred for 15 h under reflux 
condition, the reaction was quenched with 
sat. NH4Cl. The mixture was extracted with 
AcOEt (100 mL ×  3) and organic layers 
were washed with brine and dried over 
Na2SO4. After removal of solvents followed 
by column chromatography (hexane:AcOEt 
= 4:1 to 1:1) gave 91 as yellow oil together 
with lactam 90.
91: 1H NMR (400 MHz, CDCl3) δ: 1.61 (s, 
9H), 1.92-2.07 (m, 4H), 2.23-2.31 (m, 2H), 
2.56-2.64 (m, 2H), 3.56 (s, 6H), 7.13 (t, J = 
6.8 Hz, 1H), 7.61-7.71 (m, 2H)8.25 (d, J = 
8.4 Hz, 1H)
N
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13C NMR (100 MHz, CDCl3) δ: 27.9, 31.4, 
51.3, 72.0, 77.2, 82.8, 116.6, 122.9, 123.1, 
123.2, 137.2, 150.2, 153.6, 172.1, 200.1
90: 1H NMR (400 MHz, CDCl3) δ: 
2.00-2.35 (m, 6H), 2.55-2.61 (m, 1H), 
3.00-3.10 (m, 1H), 3.65 (s, 3H), 7.23-7.27 
(m, 1H), 7.66-7.70 (m, 2H), 7.85 (d, J = 8.4 
Hz, 1H)
13C NMR (100 MHz, CDCl3) δ: 27.8, 28.4, 
31.9, 34.2, 51.9, 73.2, 117.0, 124.5, 125.1, 
125.7, 137.5, 150.8, 172.6, 174.0, 201.8
To a solution of 91 (70 
mg, 0.173 mmol) in THF 
(0.35 mL) was added a 
solution of LHMDS in 
THF (0.52 mL, 0.519 
mmol) at 0 °C. After being stirred for 3 h at 
rt, the reaction was quenched with 1N HCl. 
The resulting mixture was extracted with 
AcOEt (100 mL ×  3) and the organic layers 
were washed with brine and dried over 
Na2SO4. After filtration followed by 
removal solvents in vacuo gave a crude 
product and purified by column 
chromatography (hexane:AcOEt = 4:1) to 
gave 92 (31 mg, 0.0831 mmol) in 48% yield 
as yellow oil.
1H NMR (400 MHz, CDCl3) δ: 1.65 (s, 9H), 
2.41-2.45 (m, 3H), 2.81-3.07 (m, 2H), 3.22 
(d, J = 16.0 Hz, 1H), 3.72 (s, 3H), 7.15 (t, J 
= 7.6 Hz, 1H), 7.63 (t, J = 7.6 Hz, 1H), 7.71 
(t, J = 6.8 Hz, 1H), 8.11 (d, J = 6.8 Hz, 1H), 
12.3 (s, 1H)
N
Boc
O
OH
CO2Me
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A solution of 92 (40 mg, 
0.107 mmol) with NaCl 
(6.21 mg, 0.107 mmol) in 
DMSO (82 µL) and H2O (7 
µL) was heated at 160 °C for 3 h. After 
addition of water (5 mL), the mixture was 
extracted with AcOEt (10 mL × 3) and 
organic layers were washed with brine, 
dried over Na2SO4. Following filtration and 
concentration in vacuo gave crude product 
which was purified by column 
chromatography (hexane:AcOEt = 1:2) to 
give 93 (14.3 mg, 0.0665 mmol) in 62% 
yield as a yellow solid.
1H NMR (400 MHz, CDCl3) δ: 1.92-1.96 
(m, 2H), 2.21-2.2.26 (m, 2H), 2.49-2.54 (m, 
2H), 2.80-2.84 (m, 2H), 5.07 (s, 1H), 
6.88-6.93 (m, 1H), 7.49-7.52 (m, 1H), 7.65 
(d, J = 5.2 Hz, 1H)
13C NMR (100 MHz, CDCl3) δ: 33.2, 37.1, 
64.7, 112.7, 119.5, 119.9, 125.0, 137.5, 
160.0, 203.4, 209.4
To a mixture of KOH 
(13.9 g, 248 mmol), 
K2CO3 (14.9 g, 108 
mmol), glycine (12.2 g, 
162 mmol) and Cu powder (50 mg, 0.79 
mmol) in H2O (216 mL) was added 2-
bromo-5-methoxybonzoic acid (94) (25 g, 
108 mmol) and then the mixture was heated 
for 15 h under reflux condition. The 
reaction was quenched by c.HCl (40 mL) at 
room temperature which acidify the solution 
to pH = 1 and the following filtration gave 
N
H
O
O
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N
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dicarboxylic acid as a yellow solid. This 
compound does not have enough solubility 
in organic solvents so that the structural 
confirmation by NMR was difficult. 
Determination of structure was established 
by transformation to the known ketone by 
the following reactions.
A solution of the above 
dicarboxylic acid and 
NaOAc (10.6 g, 130 mmol) 
in Ac2O (216 mL) was 
heated at 150 °C for 5 h. After removal of 
the solvent by concentration in vacuo, the 
resulting residue was dissolved in DCM and 
water was added. The mixture was extracted 
with DCM (100 mL ×  3), and the combined 
organic layers were washed by brine, dried 
over Na2SO4. Following filtration and 
concentration gave a crude indol derivative 
as a brown solid. This crude mixture 
includes above acetate and 95, so that the 
yield was estimated after transformation. 1H 
NMR (400 MHz, CDCl3) δ: 2.36 (s, 3H), 
2.59 (s, 3H), 3.88 (s, 3H), 6.96-7.06 (m, 
2H), 7.69 (s, 1H), 8.34-8.36 (m, 1H).
Following hydrolysis to 95 
was accomplished by the 
reaction using Na2SO3 (20.4 
g, 162 mmol) in H2O (90 mL) 
and EtOH (180 mL) at 80 °C. 
After being stirred for 2 h, the mixture 
wasconcentrated in vacuo. The resulting 
residue was dissolved in DCM and water 
was added. The mixture was extracted by 
DCM (100 mL ×  3) and washed with brine 
N
Ac
MeO
OAc
N
Ac
O
MeO
95
and dried over Na2SO4. Following filtration 
and concentration in vacuo gave 95 as a 
yellow solid.
1H NMR (CDCl3) δ: 2.30 (s, 3H), 3.83 (s, 
3H), 4.30 (s, 2H), 7.13 (s, 1H), 7.24 (d, J = 
9.2 Hz, 1H), 8.45 (d, J = 9.2 Hz, 1H); 13C 
NMR (100 MHz, CDCl3) δ: 23.9, 55.7, 
56.5, 104.4, 119.7, 125.7, 126.1, 148.6, 
156.6, 167.6, 194.5. The structure was also 
confirmed by the reported spectroscopic 
data (see: Sugasawa, T.; Adachi, M.; 
Sasakura, K.; Kitagawa, A. J. Org. Chem. 
1979, 44, 578.)
To a solution of 
methyl acrylate (16 
mL, 176 mmol) and 
crude 95 (12 g, 58.5 
mmol) in THF (150 
mL) was added DBU (25 mL, 176 mmol) at 
room temperature. After being stirred for 12 
h, the reaction was quenched with sat. 
NH4Cl. The mixture was extracted with 
AcOEt (100 mL ×  3) and the organic layers 
were washed with brine and dried over 
Na2SO4. And concentration in vacuo gave 
the crude product of double Michael adduct 
96 as yellow oil.
1H NMR (400 MHz, CDCl3, 55 oC) δ: 
1.97-2.02 (m, 4H), 2.32-2.39 (m, 2H), 2.48 
(s, 3H), 2.64 (br, 2H), 3.56 (s, 6H), 3.84 (s, 
3H), 7.18 (d, J = 2.8 Hz, 1H), 7.27 (dd, J = 
9.2, 2.8 Hz, 1H), 8.0 (br, 1H);
13C NMR (100 MHz, CDCl3, 55 oC) δ: 
28.3, 31.6, 55.9, 73.8, 103.7, 105.0, 125.2, 
126.5, 126.7, 156.6, 168.0, 172.2, 200.3.
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To a solution of above 
crude adduct 96 in 
MeOH (300 mL) was 
added K2CO3 (24.0 g, 
176 mmol) at 0 °C. After being stirred for 
12 h at room temperature, the reaction was 
quenched with 1N HCl at -10 °C. After 
addition of AcOEt, the resulting organic 
layers were washed with 1N HCl and dried 
over Na2SO4 and concentrated in vacuo 
gave an inseparable mixture of aniline and 
anilide (ratio = 4:1) as yellow oil.
1H NMR (CDCl3) δ: 2.05-2.20 (m, 8H), 
3.62 (s, 6H), 3.78 (s, 3H), 6.80 (d, J = 9.2 
Hz, 1H), 7.00 (s, 1H), 7.13-7.27 (m, 1H);
13C NMR (100 MHz, CDCl3) δ: 28.4, 32.3, 
51.8, 69.7, 104.0, 113.9, 121.4, 128.6.
A solution of above mixture, Et3N (15.6 g, 
71.7 mmol) and DMAP (2.7 g, 22.4 mmol) 
in THF (90 mL) was added Boc2O (15.6 g, 
71.7 mmol) at room temperature. After 
being stirred for 13 h under reflux 
condition, the reaction was quenched with 
sat. NH4Cl. The mixture was extracted with 
AcOEt (100 mL ×  3) and organic layers 
were washed with brine and dried over 
Na2SO4. After removal of solvents followed 
by column chromatography (hexane:AcOEt 
= 4:1 to 1:1) gave 98 (13.0 g, 28 mmol) as 
yellow oil together with lactam 97 (2.1 g, 
N
H
O CO2Me
CO2Me
MeO
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CO2Me
N
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97 98
6.9 mmol), which was converted to 98 as 
follows;
A solution of 97 (2.1 g, 6.9 mmol) in MeOH 
(35 mL) was added K2CO3 (20.8 mmol) at 0 
°C and the mixture was stirred at room 
temperature for 2 h. The reaction was 
quenched by addition of 1N HCl (50 mL) at 
0 °C and all the solvents were removed 
under reduced pressure. The resulting 
residue was dissolved in AcOEt and washed 
with water and brine and dried over Na2SO4 
and concentrated in vacuo to give 8. Similar 
procedure for Boc protection shown above 
gave 98 (2.7 g, 5.8 mmol) in 84% yield (2 
steps). Total amount of 98 was 15.7 g, (33.8 
mmol, 33%) through 8-steps procedure.
For 98: 1H NMR (400 MHz, CDCl3) δ: 1.62 
(s, 9H), 1.93-2.05 (m, 4H), 2.21-2.27 (m, 
2H), 2.59-2.61 (m, 2H), 3.56 (s, 6H), 3.83 
(s, 3H), 7.12 (s, 1H), 7.26 (d, J = 6.4 Hz, 
1H), 8.28 (br, 1H)
13C NMR (100 MHz, CDCl3) δ: 28.0, 28.1, 
31.6, 51.5, 55.6, 60.2, 72.6, 82.8, 103.8, 
118.0, 123.9, 126.8, 150.3, 155.8, 172.4, 
200.3
IR (ATR) ν: 2951, 1739, 1704, 1490 cm-1
HRMS for C22H29NNaO8 [M+Na]+, 
458.1791 (calcd), 458.1801 (found). 
For 97: 1H NMR (400 MHz, CDCl3) δ: 
2.05-2.38 (m, 6H), 2.55-2.61 (m, 1H), 
3.03-3.09 (m, 1H), 3.67 (s, 3H), 3.87 (s, 
3H), 7.12 (s, 1H), 7.26-7.31 (m, 1H),7.77 
(d, J = 8.4 Hz, 1H)
13C NMR (100 MHz, CDCl3) δ: 27.78, 
28.49, 32.02, 34.16, 51.86, 55.86, 73.96, 
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105.60, 118.09, 126.19, 126.48, 145.26, 
157.47, 172.62, 173.80, 201.98
IR (ATR) ν: 2952, 1734, 1489 cm-1
HRMS for C16H18NO5 [M+H]+, 304.1185 
(calcd), 304.1194 (found).
To a solution of 98 
(10.9 g, 23.9 mmol) in 
THF (500 mL) was 
added a solution of 
LHMDS in THF (72 
mL, 71.7 mmol) at -40 °C. After being 
stirred for 14 h, the reaction was quenched 
with 1N HCl. The resulting mixture was 
extracted with AcOEt (100 mL ×  3) and the 
organic layers were washed with brine and 
dried over Na2SO4. After filtration followed 
by removal solvents in vacuo gave a crude 
mixture of ketoester as a yellow amorphous. 
A solution of above crude with NaCl (1.8 g, 
23.9 mmol) in DMSO (24 mL) and H2O (2 
mL) was heated at 160 °C for 4 h. After 
addition of water (50 mL), the mixture was 
extracted with AcOEt (100 mL ×  3) and 
organic layers were washed with brine, 
dried over Na2SO4. Following filtration and 
concentration in vacuo gave crude 99 as a 
yellow solid.
1H NMR (400 MHz, CDCl3) δ: 1.90-1.95 
(m, 2H), 2.20-2.28 (m, 2H), 2.48-2.56 (m, 
2H), 2.76-2.82 (m, 2H), 3.81 (s, 3H), 4.74 
(s, 1H), 6.91 (d, J = 8.8 Hz, 1H), 7.07 (s, 
1H), 7.18-7.20 (m, 1H)
13C NMR (100 MHz, CDCl3) δ: 33.4, 37.2, 
55.8, 65.7, 104.7, 114.6, 120.6, 128.1, 
154.0, 155.7, 203.7, 209.3
N
H
O
MeO
O
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IR (ATR) ν: 3327, 1705, 1655, 1498 cm-1
HRMS for C14H15NNaO3 [M+Na]+, 
268.0950 (calcd), 268.0946 (found); mp: 
193 °C.
A solution of crude 99, 
Et3N (16.8 mL, 120 
mmol) and DMAP (1.5 
g, 12 mmol) in THF 
(120 mL) was added 
Boc2O (7.8 g, 35.9 mmol) at room 
temperature. After being stirred for 10 h 
under reflux condition. After removal of 
solvents followed by column 
chromatography (hexane:AcOEt = 4:1) gave 
100 (6.06 g, 17.1 mmol) as a yellow solid in 
72% yield (3 steps).
1H NMR (400 MHz, CDCl3) δ: 1.62 (s, 9H), 
1.95-2.00 (m, 2H), 2.51-2.55 (m, 2H), 
2.87-2.94 (m, 2H), 3.06-3.08 (m, 2H), 3.86 
(s, 3H), 7.12-7.13 (m, 1H), 7.17-7.18(m, 
1H), 8.02 (br, 1H)
13C NMR (100 MHz, CDCl3) δ: 28.25, 
28.42, 35.70, 55.72, 67.01, 83.12, 104.66, 
118.42, 122.01, 126.54, 146.81, 150.28, 
155.94, 201.43, 210.49
IR (ATR) ν: 2977, 1697, 1489 cm-1
HRMS for C19H24NO5 [M+H]+, 346.1655 
(calcd), 346.1654 (found); mp: 160 °C.
To a solution of 100 (40 
mg, 0.116 mmol) in PhF 
(0.26 mL) and DMSO 
(0.13 mL) was added 
IBX (65 mg, 0.232 
N
Boc
O
MeO
O
100
N
Boc
O
MeO
O
80
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mmol) at rt. After being stirred at 70 ºC for 
21 h, the reaction was quenched by sat 
NaHCO3 aq. After extraction by DCM (10 
mL ×  3), the organic layers were washed 
with brine and dried over Na2SO4. After 
filtration and concentration followed by 
f l a s h c o l u m n c h r o m a t o g r a p h y 
(hexane:AcOEt = 4:1) gave 80 (34.2 mg, 
0.0998 mmol) in 86% yield as a yellow 
amorphous.
1H NMR (400 MHz, CDCl3) δ: 1.56 (s, 9H), 
2.09 (br, 1H), 2.48 (d, J = 17.2 Hz1H), 3.07 
(br, 1H), 3.17-3.26 (m, 1H), 3.84 (s, 3H), 
6.20 (d, J = 10.0 Hz, 1H), 6.58 (d, J = 
10.0Hz, 1H), 7.16 (s, 1H), 7.31 (d, J = 10.4 
Hz, 1H), 8.21 (br, 1H)
13C NMR (100 MHz, CDCl3) δ: 28.2, 29.9, 
32.0, 35.7, 69.4, 83.4, 105.1, 118.1,  121.9, 
127.1, 130.3, 146.8, 149.9, 156.1, 194.7, 
197.2
 To a solution of 100 
(6.2 g, 18.0 mmol) and 
(TMSOCH2)2 (8.8 mL, 
36.0 mmol) in DCM 
(10 mL) was added 
TMSOTf (1.1 mL, 6.0 mmol) at -78 °C. 
After being stirred for 2 h, the reaction was 
quenched by pyridine (5 mL). After 
extraction by DCM (10 mL ×  3), the organic 
layers were washed with brine and dried 
over Na2SO4 and concentration gave crude 
acetal 101 as a brown solid.
1H NMR (400 MHz, CDCl3) δ: 1.55-1.70 
(m, 4H), 1.66 (s, 9H), 2.53 (t, J = 9.6 Hz, 
2H), 2.96 (t, J = 9.6 Hz, 2H), 3.83 (s, 3H), 
N
Boc
O
MeO
O
O
101
4.01 (s, 4H), 7.13 (s, 1H), 7.23 (d, J = 7.6 
Hz, 1H), 8.12 (br, 1H)
13C NMR (100 MHz, CDCl3) δ: 26.7, 28.4, 
29.1, 55.7, 64.1, 64.4, 67.9, 82.5, 104.4, 
108.1, 118.5, 122.3, 126.0, 147.0, 150.6, 
155.7, 201.5
IR (ATR) ν: 2977, 2933, 1697, 1489 cm-1 
HRMS for C21H27NNaO6 [M +  Na]+, 
412.1736 (calcd), 412.1723 (found); mp: 
205 °C.
To a solution of n-BuLi 
(36.0 mmol, 22.5 mL) 
w a s a d d e d 
ethoxyacetylene (8.6 
mL, 36.0 mmol) in 
THF (60 mL) at -78 °C. After being stirred 
for 2 h at room  temperature, a solid of 101 
(7.0 g, 18.0 mmol) in THF (2.4 mL) was 
added in one portion to this reaction 
mixture at -78 °C. After being stirred for 3 
h at room temperature, the reaction was 
quenched with sat. NH4Cl. The extraction of 
the resulting mixture with AcOEt (100 mL × 
3) followed by wash of organic layers with 
brine, dried over Na2SO4 and concentration 
in vacuo gave a crude product of 103 as 
yellow solid.
1H NMR (400 MHz, CDCl3) δ: 1.39 (t, J = 
7.2 Hz, 3H), 1.58 (s, 9H), 1.74-1.91 (m, 
2H), 2.15-2.25 (m, 2H), 2.47-2.63 (m, 3H), 
2.96-3.00 (m, 1H), 3.79 (s, 3H), 3.91-4.00 
(m, 4H), 4.16 (q, J = 7.2 Hz, 2H), 6.78 (d, J 
= 9.2 Hz, 1H), 7.04 (s, 1H), 7.66 (d, J = 9.2 
Hz)
N
Boc
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O
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13C NMR (100 MHz, CDCl3) δ: 14.5, 24.8, 
28.5, 32.1, 39.1, 55.6, 64.1, 64.3, 73.6, 
74.7, 77.2, 81.3, 96.4, 108.6, 108.8, 115.3, 
117.2, 134.6, 134.9, 152.0, 155.5
IR(ATR) ν: 3395, 2979, 2261, 1691, 1487 
cm-1
HRMS for C25H33NNaO7 [M+Na]+, 
482.2155 (calcd), 482.2144 (found); mp: 
164 °C.
A solution of above 
103 in DCM (36 mL) 
and EtOH (9 mL) were 
added Cu(OTf)2 (326 
mg, 0.9 mmol) at room 
temperature. After 
being stirred for 2 h at room temperature, 
the mixture was poured into silica gel and 
then column chromatography with AcOEt 
gave crude unsaturated ester 104 as a 
yellow solid. Its stereochemistry was 
determined to be E by NOE observation 
between vinyl and methylene protons.
1H NMR (400 MHz, CDCl3) δ: 1.33 (t, J = 
7.2 Hz, 3H), 1.64 (s, 9H), 1.72 (d, J = 14.4 
Hz, 2H), 1.91 (d, J = 14.4 Hz, 2H), 2.14 (t, 
J = 13.2 Hz, 2H), 3.02 (t, J = 13.2 Hz, 2H), 
3.82 (s, 1H), 3.99-4.01 (m, 4H), 4.23 (q, J = 
7.2 Hz, 2H), 6.24 (s, 1H), 6.94 (d, J = 9.2 
Hz, 1H), 7.89 (d, J = 9.2 Hz, 1H), 8.44 (s, 
1H)
13C NMR (100 MHz, CDCl3) δ: 14.3, 28.4, 
29.6, 30.1, 55.6, 60.3, 64.2, 69.5, 82.1, 
107.8, 109.4, 111.2, 116.5, 120.1, 124.2, 
140.5, 151.0, 154.8, 159.8, 166.3
N
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IR (ATR) ν: 2926, 1703, 1620, 1488, 1158 
cm-1
HRMS for C25H33NNaO7 [M+Na]+, 
482.2155 (calcd), 482.2137 (found); mp: 
132 °C.
A solution of above 
acetal 104 in acetone 
(360 mL) was added p-
TsOH monohydrate 
(929 mg, 5.4 mmol) for 
14 h at 40 °C and the mixture was stirred 
for 9 h. After removal of solvent in vacuo, 
the residue was dissolved in AcOEt. The 
addition of sat. NaHCO3 followed by 
extraction by AcOEt gave the organic 
layers, which was washed by brine, dried 
over Na2SO4, and concentrated in vacuo to 
give crude 105 as a yellow amorphous.
1H NMR (400 MHz, CDCl3) δ: 1.42 (t, J = 
6.8 Hz, 3H), 1.72 (s, 9H), 2.01-2.07 (m, 
2H), 2.61-2.69 (m, 2H), 2.91-3.03 (m, 4H), 
3.93 (s, 3H), 4.32 (q, J = 6.8 Hz, 2H), 5.71 
(s, 1H), 7.10 (d, J = 9.2 Hz, 1H), 7.84 (d, J 
= 9.2 Hz), 8.70 (s, 1H)
13C NMR (100 MHz, CDCl3) δ: 14.3, 28.4, 
31.9, 36.8, 55.7, 60.3, 69.5, 82.5, 103.9, 
105.9, 118.0, 120.6, 126.8, 138.7, 151.4, 
155.7, 162.2, 165.4, 211.8
IR (ATR) ν: 2778, 1702, 1619, 1485 cm-1
HRMS for C23H29NNaO6 [M+Na]+, 
438.1893 (calcd), 438.1896 (found).
N
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To a solution of crude 
105 and TMSCl (4.7 
mL, 54.0 mmol) in THF 
(54 mL) was added a 
THF solution of LHMDS (36 mL, 36.0 
mmol) at -78 °C and the reaction mixture 
was stirred for 1 h at same temperature. The 
reaction was quenched by addition of Et3N 
(5 mL) followed by sat. NH4Cl and the 
mixture was extracted with AcOEt (100 mL 
×  3). Organic layers were washed by brine, 
dried over Na2SO4 and concentrated in 
vacuo to give crude enolether as a yellow 
oil. To a solution of resulting crude mixture 
of TMS enolether in DMSO (36 mL) was 
added Pd(OAc)2 (1.0 g, 4.5 mmol) and the 
mixture was stirred at room temperature for 
15 h under oxygen atmosphere (1 atm, 
balloon). Filtration, concentration followed 
by flash column chromatography 
(hexane:AcOEt = 4:1) gave 106 (5.3 g, 12.8 
mmol) in 71% yield (6 steps) as a yellow 
amorphous.
1H NMR (400 MHz, CDCl3) δ: 1.32 (q, J = 
6.8 Hz, 3H), 1.57 (s, 9H), 2.07 (br, 1H), 
2.47-2.52 (m, 1H), 2.78-2.95 (m, 2H), 3.85 
(s, 3H), 4.22 (q, J = 6.8 Hz, 2H), 5.74 (s, 
1H), 6.22 (d, J = 9.6 Hz, 1H), 6.79 (d, J = 
9.6 Hz), 7.02 (dd, J = 2.4, 8.8 Hz, 1H), 7.90 
(br, 1H), 8.52 (d, J = 2.4 Hz)
13C NMR (100 MHz, CDCl3) δ: 14.3, 28.4, 
31.4, 32.0, 55.7, 60.7, 70.4, 83.0, 112.3, 
116.2, 120.7, 124.1, 129.0, 139.6, 139.8, 
150.3, 150.4, 151.4, 155.5, 165.3, 197.7
IR (ATR) ν: 2977, 1707, 1623, 1485, 1368, 
1156 cm-1
N
Boc
MeO
MeO2C
O
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HRMS for C23H27NNaO6 [M+Na]+, 
436.1736 (calcd), 436.1727 (found)
To a solution of LiBr 
(1.33 g, 15.3 mmol) in 
THF (30 mL) was 
added a THF solution 
of SmI2 (27 mL, 2.68 
mmol) at -78 °C. After being stirred for 30 
min, a solution of 106 (316 mg, 0.765 
mmol) and t-BuOH (0.36 mL, 3.83 mmol) 
in THF (20 mL) was added to this mixture. 
And then the reaction was quenched with 
sat. NH4Cl after 5 min and the resulting 
mixture was stirred for 12 h at room 
temperature. This mixture was extracted 
with AcOEt (100 mL ×  3). The resulting 
organic layers were washed with brine, 
dried over Na2SO4 and concentrated in 
vacuo. The crude product was purified by 
f l a s h c o l u m n c h r o m a t o g r a p h y 
(hexane:AcOEt = 5:1) to give 107 as yellow 
oil (210 mg, 0.506 mmol) in 69% yield.
1H NMR (400 MHz, CDCl3) d: 1.18 (t, J = 
6.8 Hz, 3H), 1.48 (d, J = 8.4 Hz, 1H), 1.62 
(s, 9H), 2.12-2.25 (m, 1H), 2.28 (d, J = 14.8 
Hz, 1H), 2.44 (d, J = 17.2 Hz, 2H), 2.76 (d, 
J = 17.2 Hz, 1H), 2.85 (dd, J = 8.8 Hz, 1H), 
2.95 (d, J = 14.8 Hz, 1H), 3.10 (br, 1H), 
3.76 (s, 3H), 4.12 (q, J = 6.8 Hz, 2H), 6.99 
(d, J = 8.8 Hz, 1H), 6.77 (s, 1H), 7.52 (br, 
1H)
13C NMR (100 MHz, CDCl3) d: 14.2, 26.2, 
28.3, 28.5, 30.9, 35.1, 36.4, 38.8, 49.5, 
55.8, 61.1, 82.2, 109.2, 112.0, 116.5, 135.7, 
136.0, 155.7, 153.0, 155.7, 170.6, 213.5
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IR (ATR) n: 2977, 1734, 1696, 1485, 1161, 
1116
HRMS for C23H30NO6 [M + H]+, 416.2073 
(calcd), 416.2065 (found)
??????????
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To a solution of trimethylsilylacetylene 
(0.29 mL, 2.11 mmol) in THF (4 mL) was 
added n-BuLi in hexane (1.26 mL, 2.0 
mmol) at -78 °C and the mixture was stirred 
for 1 h. And then a THF solution of 107 
(350 mg, 0.843 mmol) in THF was added to 
this mixture and stirred for additional 16 h 
at same temperature. The reaction was 
quenched with sat. NH4Cl and the mixture 
was extracted with AcOEt (10 mL ×  3). The 
resulting organic layers were washed with 
brine, dried over Na2SO4 and concentrated 
in vacuo. The crude product was purified by 
f l a s h c o l u m n c h r o m a t o g r a p h y 
(hexane:AcOEt = 4:1) to give 108 as a 
colorless oil (142 mg, 1.27 mmol, 60%).
1H NMR (400 MHz, CDCl3) d: 0.17 (s, 9H), 
1.05 (d, 1H), 1.18 (t, J = 6.0 Hz, 3H), 1.55 
(s, 9H), 2.11-2.19 (m, 2H), 2.50-2.68 (m, 
3H), 2.70 (d, J = 16.8 Hz, 1H), 2.95 (d, J = 
16.8 Hz, 1H), 3.76 (s, 3H), 4.14 (q, J = 6.0 
Hz, 2H), 6.65 (d, J = 8.8 Hz, 1H), 6.80 (s, 
1H), 7.52 (br, 1H)
13C NMR (100 MHz, CDCl3) d: -0.1, 14.1, 
17.1, 24.4, 28.3, 31.0, 33.4, 33.8, 34.1, 
48.7, 55.6, 60.9, 64.3, 83.2, 87.0, 108.9, 
109.3, 111.8, 116.7, 136.3, 137.1, 155.9, 
170.9
IR (ATR) n: 2958, 1735, 1674, 1488, 1351
HRMS for C28H39NNaO6Si [M +  Na]+, 
N
Boc
MeO
CO2Et
H
OH
TMS
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major
536.2444 (calcd), 536.2454 (found)
To a solution of 108 
(250 mg, 0.533 
mmol) in toluene 
(3.5 mL) was added 
a toluene solution 
of DIBAL (1.8 mmol, 1.87 mmol) at -78 °C. 
After being stirred for 3.5 h at same 
temperature, the mixture was quenched by 
aqueous Rochelle salt and then stirred at 
room temperature for additional 12 h. After 
addition of water, the mixture was extracted 
with AcOEt (10 mL ×  3). Combined organic 
layers were washed with brine, dried over 
Na2SO4 and concentrated in vacuo. The 
crude product was purified by flash column 
chromatography (hexane:AcOEt = 2:1) to 
give 109 (154 mg, 0.327 mmol, 61%) as a 
colorless solid.
1H NMR (400 MHz, CDCl3) d: 0.179 (s, 
1H), 0.914 (dd, J = 4.0, 4.6 Hz, 1H), 1.55 
(s, 9H), 1.50-1.60 (1H), 1.69 (dd, J = 4.6, 
15.2 Hz, 1H), 1.89-1.94 (m, 1H), 2.11-2.24 
(m, 2H), 2.34-2.39 (m, 1H), 2.46-2.53 (m, 
1H), 2.59-2.70 (m, 1H), 3.78 (s, 1H), 
3.75-3.84 (m, 2H), 5.84 (br, 1H), 6.65 (dd, J 
= 2.4, 8.8 Hz, 1H), 6.83 (d, J = 2.4 Hz, 1H), 
7.29 (br, 1H)
13C NMR (100 MHz, CDCl3) d: 0.00, 17.52, 
24.59, 27.46, 28.30, 33.29, 33.63, 33.94, 
48.64, 55.73, 59.96, 64.49, 77.23, 83.21, 
86.88, 109.1, 109.8, 111.5, 116.8, 136.6, 
136.9, 155.9
IR (ATR) n: 3396, 2956, 1671, 1483, 1351
HRMS for C26H37NNaO5Si [M +  Na]+, 
N
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494.2339 (calcd), 494.2328 (found)
To a solution of 109 
(27.7 mg, 0.0589 
mmol) in THF (1.2 
mL) was added 
NaNH2 (59.6 mg, 0.295 mmol), PPh3 
(77.2mg, 0.295 mmol)  and DEAD (0.13 
mL in toluene, 0.295 mmol) at room 
temperature. After stirred for 5 h, the 
reaction mixture was concentrated in vacuo 
and the residue was purified by flash 
column chromatography (hexane:AcOEt = 
5:1) to give 110 (12 mg, 0.0183 mmol) in 
31% yield as a colorless oil.
1H NMR (400 MHz, CDCl3) δ: 0.189 (s, 
1H), 0.915 (dd, J = 4.4 , 9.6 Hz, 1H), 1.56 
(s, 9H), 1.90-1.96 (m, 2H), 2.05-2.17 (m, 
2H), 2.39-2.52 (m, 3H), 2.63-2.70 (m, 1H), 
3.12-3.17 (m, 1H), 3.23-3.25 (m, 1H), 3.77 
(s, 3H), 5.47 (br, 1H), 5.75 (br, 1H), 6.64 
(dd, J = 2.1, 8.8 Hz, 1H), 6.74 (d, J = 2.1 
Hz, 1H), 7.72-7.74 (m, 2H), 7.85-7.86 (m, 
1H), 8.07-8.08 (m, 1H)
13C NMR (100 MHz, CDCl3) δ: 0.00, 17.55, 
24.82, 26.03, 28.27, 33.16, 33.75, 33.79, 
41.09, 48.55, 55.74, 64.35, 77.21, 79.76, 
83.40, 87.12, 108.75, 109.37, 111.82, 
116.94, 125.57, 130.96, 132.89, 133.58, 
135.78, 136.59, 147.92, 155.95
To a solution of 109 
(154 mg, 0.327 
mmol) in DMF (1.6 
mL) was added 
DPPA (0.21 mL, 0.98 mmol) and DBU 
N
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(0.14 mL, 0.98 mmol) at 0 °C and then the 
mixture was stirred for 13 h at 65 °C. The 
reaction was quenched by addition of sat, 
NaHCO3 at room temperature and the 
resulting mixture was extracted by AcOEt 
(5 mL ×  3). Combined organic layers were 
washed with brine, dried over Na2SO4 and 
concentrated in vacuo to give crude product 
of primary azide 116 as colorless oil.
To a solution of 
above azide 116 in 
MeOH (1.5 mL) was 
added K2CO3 (226 
mg, 1.64 mmol) and the mixture was stirred 
for 1 h at room temperature. After addition 
of sat. NH4Cl, the mixture was extracted 
with AcOEt (3 mL ×  3). Combined organic 
layers were washed with brine, dried over 
Na2SO4 and concentrated in vacuo to give a 
terminal alkyne 117 as a colorless solid.
To a solution of 
above alkyne 117 in 
pyridine (1.1 mL) 
was added Ac2O (67 
μL, 0.708 mmol) and DMAP (29 mg, 0.236 
mmol) at room temperature. The reaction 
mixture was stirred for 14 h at 65 °C and 
then quenched by sat. NaHCO3. The 
mixture was extracted with AcOEt (3 mL × 
3) and the combined organic layers were 
washed with brine, dried over Na2SO4 and 
concentrated in vacuo. The crude product 
was purified by flash column 
chromatography (hexane:AcOEt = 5:1) to 
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give 118 (98 mg, 0.210 mmol) in 64% yield 
in 3 steps as a colorless oil.
1H NMR (400 MHz, CDCl3) d: 7.43 (d, J = 
9.2 Hz, 1H), 6.74 (d, J = 2.8 Hz, 1H), 6.66 
(dd, J = 9.2, 2.8 Hz, 1H), 3.78 (s, 3H), 
3.30-3.39 (m, 2 H), 2.99-3.05 (m, 1 H), 
2.67-2.74 (m, 2 H), 2.63 (s, 1H), 2.43-2.48 
(m, 1H), 2.16 (s, 3H), 2.08-2.13 (m, 2H), 
1.90-1.96 (m, 1H), 1.73-1.79 (m, 1H), 1.58 
(s, 9H), 0.95 (dd, J = 2.8, 9.6 Hz)
IR (ATR) n: 3295, 2933, 2095, 1740, 1701, 
1483, 1231
HRMS for C25H30N4NaO5 [M + Na]+, 
489.2114 (calcd), 489.2125 (found)
To a solution of 118 
(97 mg, 0.208 mmol) 
in THF (2 mL) and 
H2O (0.2 mL) was 
added PPh3 (81.8 mg, 0.312 mmol) at room 
temperature. After being stirred for 36 h, 
the mixture was concentrated in vacuo. The 
crude product was purified by flash column 
c h r o m a t o g r a p h y b y N H - s i l i c a 
(hexane:AcOEt = 2:1 to 1:2) to give 119 
(85.7 mg, 0.196 mmol) in 94% yield as 
colorless amorphous.
1H NMR (400 MHz, CDCl3) δ: 0.91 (dd, J = 
3.2, 10.0 Hz, 1H), 1.57 (s, 9H), 1.69-1.77 
(m, 1H), 1.85-1.96 (m, 2H), 2.00 (dd, J = 
3.2, 15.6 Hz, 1H), 2.18 (s, 3H), 2.26-2.33 
(m, 1H), 2.60 (s, 1H), 2.72-2.84 (m, 4H), 
3.03-3.09 (m, 1H), 3.78 (s, 3H), 6.64 (dd, J 
= 2.8, 8.8 Hz, 1H), 6.79 (d, J = 2.8 Hz, 1H), 
7.41 (d, J = 8.8 Hz, 1H)
13C NMR (100 MHz, CDCl3) δ: 18.1, 21.9, 
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23.6, 28.5, 28.8, 31.9, 32.2, 34.1, 39.4, 
50.0, 55.7, 71.4, 73.4, 81.5, 84.5, 109.1, 
111.3, 136.4, 136.4, 152.5, 155.3, 170.3
IR (ATR) ν: 3283, 2933, 1739, 1701, 1483 
cm-1
HRMS for C25H33N2O5 [M + H]+, 441.2390 
(calcd), 441.2395 (found)
To a solution of 119 
(85.7 mg, 0.195 mmol) 
in AcOEt (2 mL) was 
added Lindlar cat. 
(42.9 mg) and quinoline (50.3 mg, 0.38 
mmol) and the mixture was stirred for 1.5 h 
under hydrogen atmosphere (1 atm). 
Filtration followed by concentration gave a 
crude mixture which was purified by flash 
column chromatography using NH-silica 
(hexane:AcOEt = 4:1 with small amount of 
CHCl3) to give 121 (81.4 mg, 0.183 mol) in 
94% yield as colorless amorphous.
1H NMR (400 MHz, CDCl3) δ: 0.95 (dd, J = 
3.6, 9.6 Hz, 1H), 1.37-1.44 (m, 1H),
1.58-1.60 (m, 1H) 1.57 (s, 9H), 1.72-1.80 
(m, 1H), 1.96 (dd, J = 5.2, 14.4 Hz, 1H), 
2.18 (s, 3H), 2.25-2.31 (m, 1H), 2.64-2.87 
(m, 4H), 3.25-3.34 (m, 1H), 3.77 (s, 3H), 
5.14 (d, J = 11.2 Hz, 1H), 5.16 (d, J = 17.6 
Hz, 1H), 6.10 (dd, J = 11.2, 17.6 Hz, 1H), 
6.63 (dd, J = 2.8, 8.8 Hz, 1H), 6.78 (d, J = 
2.8 Hz, 1H), 7.37 (d, J = 8.8 Hz)
13C NMR (100 MHz, CDCl3) δ: 17.7, 22.4, 
23.7, 28.5, 28.7, 29.1, 29.7, 30.4, 33.9, 
39.5, 50.5, 55.8, 78.7, 81.4, 109.2, 111.0, 
113.7, 116.6, 136.7, 136.9, 141.5, 155.3, 
171.4
N
Boc
MeO
H
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IR (ATR) ν: 2930, 1730, 1700, 1483 cm-1
HRMS for C25H35N2O5 [M + H]+, 443.2546 
(calcd), 443.2529 (found)
To a solution of 121 
(8.4 mg, 0.019 mmol) 
in acetonitrile (2.0 mL) 
was added Pd(PPh3)4 
(2.20 mg, 0.0019 mmol) and Et3N (4 µL, 
0.0285 mmol) at room temperature. The 
reaction mixture was stirred for 11 h at 65 
°C and then quenched with water. The 
mixture was extracted with AcOEt (5 mL × 
3) and the combined organic layers were 
washed with brine, dried over Na2SO4 and 
concentrated in vacuo. The crude product 
was purified by flash column 
chromatography using NH-silica 
(hexane:AcOEt = 2:1) to give 122 (5.7 mg, 
0.0148 mmol) in 78% yield as a colorless 
solid.
1H NMR (600 MHz, CDCl3) δ: 1.04 (d, J = 
5.4 Hz, 1H), 1.44 (dd, J = 4.8, 13.8 Hz, 
1H), 1.58 (s, 9H), 1.80 (br, 1H), 1.98 (br, 
1H), 2.17 (ddd, J = 3.6, 12.0, 14.4, 1H), 
2.28 (td, J = 5.4, 13.8 Hz, 1H), 2.38 (d, J = 
14.4 Hz, 1H), 2.51 (dt, J = 3.6 , 15.6 Hz, 
1H), 2.53 (br, 1H), 3.05 (dt, J = 3.0, 14.4 
Hz, 1H), 3.26 (ddd, J = 3.0, 12.0, 15.6 Hz, 
1H), 3.77 (s, 3H), 4.93 (d, J = 10.2 Hz, 1H), 
5.14 (d, J = 17.4 Hz, 1H), 5.87 (dd, J = 
10.2, 17.4 Hz, 1H), 6.64 (dd, J = 2.4, 9.0 
Hz, 1H), 6.79 (d, J = 2.4 Hz, 1H), 7.54 (br, 
1H)
13C NMR (150 MHz, CDCl3) δ: 20.7, 28.0, 
30.6, 31.4, 33.9, 34.4, 42.0, 48.4, 54.1, 
N
Boc
NH
MeO
H
122
55.7, 81.1, 109.7, 110.0, 111.2, 116.2, 
136.7, 139.0, 148.5, 153.5, 155.5
IR (ATR) ν: 2923, 1699, 1485 cm-1
HRMS for C23H31N2O3 [M +  H]+, 383.2335 
(calcd), 383.2340 (found); mp: 142 °C
??????????
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To a solution of 122 (24 
mg, 0.0628 mmol) in 
DCM (0.6 mL) was 
added acryloyl chloride 
(25 μL, 0.314 mmol), 
Et3N (44 μL. 0.314 mmol) and DMAP (3.5 
mg, 0.0314 mmol) at 0 °C. After being 
stirred for 2 h, the reaction was quenched 
by addition of sat. NaHCO3 and the 
resulting mixture was stirred for additional 
30 min. The mixture was extracted with 
DCM (5 mL ×  3) and the combined organic 
layers were washed with brine, dried over 
Na2SO4 and concentrated in vacuo. The 
crude product was roughly purified by 
column chromatography (hexane:AcOEt = 
1:2) to remove polar materials and the 
resulting crude mixture was used without 
further purification. The crude starting 
material (diene 2a) was dissolved in toluene 
(63 mL) that was degassed by argon 
bubbling for 30 min and then Grubbs 2nd-
generation catalyst (5.3 mg, 0.00628 mmol, 
10 mol%) was added. After being stirred for 
12 h at 50 °C, the mixture was treated with 
filtration using NH-Silica with AcOEt and 
the resulting solvent was removed under 
vacuo. The resulting crude product was 
purified by diol-silica gel (hexane:AcOEt = 
1:2) to give 124 (15.4 mg, 0.0377 mmol) in 
60% yield (2 steps) as colorless oil.
1H NMR (400 MHz, CDCl3) δ: 1.10 (d, J = 
5.6 Hz, 1H), 1.59 (s, 9H), 1.58-1.59 (1H), 
1.85 (d, J = 14.8 Hz, 1H), 2.03-2.14 (m, 
N
Boc
N
MeO
O
H
N-Boc-lundurine A (124)
1H), 2.46 (dd, J = 5.6, 13.4 Hz, 1H), 
2.57-2.74 (m, 3H), 2.84-2.90 (m, 1H), 3.52 
(ddd, J = 4.4, 12.0, 15.2 Hz, 1H), 3.78 (s, 
3H), 4.30 (dt, J = 4.4, 15.2 Hz, 1H), 6.09 
(d, J = 5.6 Hz, 1H), 6.66 (dd, J = 2.8, 8.8 
Hz, 1H), 6.71 (d, J = 2.4 Hz, 1H), 6.86 (d, J 
= 5.6 Hz, 1H), 7.45 (br, 1H)
13C NMR (100 MHz, CDCl3) δ: 20.9, 26.0, 
28.0, 28.5, 28.9, 30.8, 33.6, 36.1, 49.8, 
55.8, 65.7, 81.7, 108.9, 111.1, 116.3, 125.2, 
135.7, 139.4, 153.3, 154.2, 155.9, 169.8
HRMS (ESI) m/z calcd for C24H29N2O4 [M
+H]+ 409.2127, found 409.2133.
To a solution of 122 (8.2 
mg, 0.0241 mmol) in 
acetonitrile (0.3 mL), 
allyl bromide (21 μL, 
0.241 mmol) and K2CO3 (66.5 mg, 0.482 
mmol) was added and the mixture was 
stirred for at 50 °C. After being stirred for 5 
h, the mixture was quenched with aq. 
NH4Cl and extracted with AcOEt (5 mL × 
3). The combined organic layer was washed 
with brine and dried over Na2SO4 and 
concentrated in vacuo. The crude product 
was roughly purified by column 
chromatography (hexane:AcOEt = 1:2) to 
remove polar materials and the resulting 
crude mixture was used without further 
purification. The crude starting material 
(diene) was dissolved in DCM (24 mL) that 
was degassed by argon bubbling for 30 min 
and then Grubbs 2nd-generation catalyst 
(4.1 mg, 0.00482 mmol, 20 mol%) was 
added. After being stirred for 12 h under 
N
Boc
N
MeO
H
N-Boc-Lunduirne B (38)
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reflux condition, the solvent was removed 
under vacuo. The resulting crude product 
was purified by diol-silica gel 
(hexane:AcOEt = 1:2) to give 38 (7.2 mg) 
in quantitative yield (2 steps) as colorless 
oil.
1H NMR (600 MHz, CDCl3) δ: 7.54 (br s, 
1H), 6.80 (d, J = 2.4 Hz, 1H), 6.64 (dd, J = 
9.0, 2.4 Hz, 1H), 5.62 (d, J = 6.0 Hz, 1H), 
5.39 (d, J = 6.0 Hz, 1H), 4.00 (br d, J = 14.4 
Hz, 1H), 3.78 (s, 3H), 3.46 (d, J = 14.4 Hz, 
1H), 3.11 (ddd, J = 13.2, 13.2, 2.4 Hz, 1H), 
2.87 (br d, J = 12.6 Hz, 1H), 2.56 (ddd, J = 
16.2, 4.8, 1.8 Hz, 1H), 2.52 (br s, 1H), 2.36 
(d, J = 14.4 Hz, 1H), 2.34-2.25 (m, 2H), 
1.94 (br d, J = 12.0 Hz, 1H), 1.74 (br s, 1H), 
1.58 (s, 9H), 1.42 (br d, J = 9.0 Hz, 1H), 
1.03 (d, J = 4.8 Hz, 1H)
13C NMR (150 MHz, CDCl3) δ: 155.6, 
153.5, 139.0, 137.7, 136.9, 124.6, 116.2, 
111.2, 109.7, 81.0, 67.5, 64.7, 55.8, 50.3, 
47.9, 34.6, 33.3, 28.65, 28.58, 28.0, 27.7, 
20.2
IR (ATR) 1699 cm-1
HRMS (ESI) m/z calcd for C24H31N2O3 
[M+H]+ 395.2335, found 395.2338.
TFA (3.6 µL, 0.0466 
mmol) was addded to a 
solution of 124 (3.8 mg, 
0.00931 mmol) in DCM 
(1.0 mL) at 0 ºC and 
stirred for 2 h. sat NaHCO3 aq was added 
and extarcted with DCM (2 mL ×  3) and the 
combined organic layers were washed with 
brine, dried over Na2SO4 and concentrated 
N
N
MeO
O
125
in vacuo. Following purification by flash 
column chromatography (hexane:AcOEt = 
1:2) gave 125 (14.4 mg, quant.) as yellow 
oil.
1H NMR (600 MHz, CDCl3) δ: 1.07 (td, J = 
3.6, 14.4 Hz, 1H), 2.05 (t, J = 8.4 Hz, 1H), 
2.31 (d, J = 14.4  Hz, 1H), 2.80 (d, J = 14.4 
Hz, 1H), 2.98 (d, J = 12.6 Hz, 1H), 3.05 (d, 
J = 12.6 Hz, 1H), 3.32-3.40 (m, 2H), 3.95 
(s, 3H), 4.57 (dd, J = 4.8, 14.4 Hz, 1H), 
6.20 (d, J = 6.0 Hz, 1H), 7.18 (d, J = 2.4 
Hz, 1H), 7.22 (d, J = 6.0 Hz, 1H), 7.34 (dd, 
J = 2.4, 9.0 Hz, 1H), 7.91 (d, J = 9.0 Hz, 
1H)
13C NMR (150 MHz, CDCl3) δ: 28.5, 31.0, 
33.8, 36.6, 41.0, 55.7, 67.5, 102.4, 121.0, 
124.5, 125.9, 129.7, 143.3, 148.2, 151.8, 
159.2, 160.6, 170.7
??????????
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To a mixture of 106 (2.5 g, 6.1 mmol) and 
TFA (0.93 mL, 12.1 mmol) in DCM (30.0 
mL) was slowly added TMSOTf (1.1 mL, 
6.1 mmol) at 0 °C and the mixture was 
stirred for 15 min at same temperature. The 
reaction was then quenched by addition of 
sat. NH4Cl and the resulting mixture was 
extracted with DCM (20 mL × 3) and the 
organic layer was washed by brine, dried 
over Na2SO4 and concentrated under vacuo.
1H NMR(400 MHz, CDCl3) δ 1.33 (t, J = 
7.6 Hz, 3H), 2.26 (t, J = 6.4 Hz, 2H), 
2.63-2.71 (m, 2H), 3.84 (s, 3H), 4.16 (br, 
1H), 4.22 (q, J = 7.6 Hz), 5.64 (s, 1H), 3.13 
(d, J = 10.4 Hz, 1H), 6.63 (d, J =10.4 Hz, 
1H), 6.72 (d, J = 8.8 Hz, 1H), 6.96 (dd, J = 
2.4, 8.8 Hz, 1H), 8.51 (d, J = 2.4 Hz, 1H).
To a solution of above 
crude in ClCO2Me (15 
mL) was added K2CO3 
(2.5 g, 18.2 mmol) at 
room temperature and the mixture was 
heated under reflux condition for 13 h. 
After addition of sat. NaHCO3 (10 mL), the 
mixture was extracted by DCM (15 mL ×  3) 
and the organic layers were washed with 
brine, dried over Na2SO4 and concentrated 
under vacuo. Following purification by 
f l a s h c o l u m n c h r o m a t o g r a p h y 
N
H
MeO
O
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(hexane:AcOEt = 6:1) gave 135 as yellow 
amorphous (1.73 g, 77%, 2 steps).
1H NMR (400 MHz, CDCl3) δ: 1.17 (t, J = 
6.4 Hz, 3H), 1.48 (d, J = 8.8 Hz, 1H), 2.19 
(t, J = 14.0 Hz, 1H), 2.32 (d, J = 14. 0 Hz, 
1H), 2.42 (d, J = 18.8 Hz, 1H), 2.48 (d, J = 
15.2 Hz, 1H), 2.78 (d, J = 15.2 Hz, 1H), 
2.84 (dd, J = 8.8, 18.8 Hz, 1H), 2.93 (br, 
1H), 3.09 (br, 1H), 3.76 (s, 3H), 3.92 (s, 
3H), 4.12 (q, J = 6.4 Hz, 2H), 6.70 (dd, J = 
2.4, 8.8 Hz, 1H), 6.78 (d, J = 2.4 Hz, 1H), 
7.54 (br, 1H)
13C NMR (100 MHz, CDCl3) δ: 14.0, 25.8, 
28.2, 30.8, 35.3, 36.1, 38.4, 53.0, 55.7, 
61.0, 77.2, 109.1, 112.1, 116.3, 135.7, 
154.8, 155.9, 169.3, 170.4, 212.9
IR (ATR) ν: 2956, 1706, 1487, 1351, 1120 
cm-1
HRMS for C20H23NNaO6 [M +  Na]+, 
396.1423 (calcd), 396.1433 (found).
To a suspension of LiCl 
(101 mg, 2.4 mmol) in 
THF (4.0 mL) was 
added SmI2 in THF (4.2 
mL, 0.42 mmol) followed by a solution of 
135 (44.6 mg, 0.12 mmol) and t-BuOH (57 
μL, 0.6 mmol) in THF (4.0 mL) at -78 °C. 
And then the reaction was quenched with 
sat. NH4Cl and the resulting mixture was 
stirred for 12 h at room temperature. This 
mixture was extracted with AcOEt (10 mL × 
3). The resulting organic layers were 
washed with brine, dried over Na2SO4 and 
concentrated in vacuo. The crude product 
N
CO2Me
MeO
CO2Et
O
H
136
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was purified by flash column 
chromatography (hexane:AcOEt = 5:1) to 
give 136 as yellow oil (23.0 mg, 0.0617 
mmol) in 52% yield.
1H NMR (400 MHz, CDCl3) δ: 1.17 (t, J = 
6.4 Hz, 3H), 1.48 (d, J = 8.8 Hz, 1H), 2.19 
(t, J = 14.0 Hz, 1H), 2.32 (d, J = 14.0 Hz, 
1H), 2.42 (d, J = 18.8 Hz, 1H), 2.48 (d, J = 
17.2 Hz, 1H), 2.78 (d, J = 17.2 Hz, 1H), 
2.80-2.95 (m, 2H), 3.10 (br, 1H), 3.76 (s, 
3H), 3.92 (s, 3H), 4.12 (q, J = 6.4 Hz, 2H),
6.70 (dd, J = 2.4, 8.8 Hz, 1H), 6.78 (d, J = 
2.4 Hz, 1H), 7.54 (br, 1H)
13C NMR (100 MHz, CDCl3) δ: 14.0, 25.8, 
28.2, 30.8, 35.3, 36.1, 38.4, 50.0, 53.0, 
55.7, 61.0, 109.1, 112.1, 116.3, 135.7, 
135.7, 155.9, 170.4, 212.9
IR (ATR) ν: 2956, 1705, 1613, 1486, 1351, 
1120 cm-1
HRMS for C20H23NNaO6 [M +  Na]+, 
396.1423 (calcd), 396.1433 (found).
To a solution of CeCl3 
in THF was added 
vinylMgBr  at -10 ºC. 
After stirred for 1 h, 
the mixture was cooled 
to -78 ºC and 136 in THF was added 
dropwise. After stirring for 2 h at same 
temperature, sat NH4Cl aq was added and 
extracted with AcOEt (10 mL ×  3). The 
resulting organic layers were washed with 
brine, dried over Na2SO4 and concentrated 
in vacuo. The crude product was purified by 
f l a s h c o l u m n c h r o m a t o g r a p h y 
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CO2Me
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(hexane:AcOEt = 5:1) to give 137 in 71% 
yield as the mixture of diastereomer.
1H NMR (400 MHz, CDCl3) δ: 1.17 (t, J = 
7.2 Hz, 3H), 1.37(dd, J = 4.4, 15.2 Hz, 1H), 
1.80-1.86 (m, 1H), 2.17-2.23 (m, 2H), 
2.68-2.74 (m, 1H), 2.70 (d, J = 17.2 Hz, 
1H), 2.94 (d, J = 17.2 Hz, 1H), 3.76 (s, 3H), 
3.89 (s, 3H), 4.14 (q, J = 7.2 Hz, 2H), 5.08 
(dd, J = 1.6, 11.2 Hz, 1H), 5.35 (dd, J = 1.6, 
17.6 Hz, 1H), 5.89 (dd, J = 11.2, 17.6 Hz, 
1H), 6.66 (dd, J = 2.4, 8.8 Hz, 1H), 6.86 (d, 
J = 2.4 Hz, 1H), 7.30 (br, 1H)
To a solution of 137 
(15 mg, 0.032 mmol) 
with MeOH (9 μL, 
0.16 mmol) in THF 
(0.6 mL) was added a 
THF solution of LiBH4 (80 μL, 0.16 mmol) 
at 0 °C. After being stirred for 6 h at room 
temperature, the mixture was quenched by 
sat. NH4Cl at 0 °C. After addition of water, 
the mixture was extracted with AcOEt (10 
mL ×  3). Combined organic layers were 
washed with brine, dried over Na2SO4 and 
concentrated in vacuo to give crude 138.
To a solution of 138 
(0.032 mmol) and 
DMAP (1.1 mg, 0.0093 
mmol) and Et3N (13 
μL, 0.093 mmol) in 
DCM was added TsCl (7.1 mg, 0.0373 
mmol) at room temperature. After being 
stirred for 2 h, the mixture was quenched by 
sat. NaHCO3. The resulting mixture was 
extracted with AcOEt (3 mL ×  3) and the 
N
CO2Me
MeO
H
OH
OH
138
N
CO2Me
MeO
H
OH
N3
139
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organic layers were washed with brine, 
dried over Na2SO4 and concentrated in 
vacuo. The crude product was disolved in 
DMF (0.3 mL) and added NaN3 at rt. After 
stirring for 2 h at 65 ºC, water was added 
and extracted with AcOEt-hexane (4:1) (3 
mL × 3) and the organic layers were washed 
with brine, dried over Na2SO4. Filtration, 
concentration followed by flash column 
chromatography (hexane:AcOEt = 5:1) to 
give 139 in quantitative yield (3 steps).
1H NMR (400 MHz, CDCl3) δ: 1.05 (dd, J = 
4.4, 9.6 Hz, 1H), 1.30-1.36 (m, 1H), 1.47 
(dd, J = 4.4, 14.8 Hz, 1H), 1.82-1.88 (m, 
2H), 2.15-2.24 (m, 2H), 2.34-2.42 (m, 1H), 
2.72-2.78 (m, 1H), 3.42-3.50 (m, 2H), 3.79 
(s, 3H), 3.89 (s, 3H), 5.09 (dd, J = 1.6, 11.2 
Hz, 1H), 5.38 (dd, J = 1.6, 17.2 Hz, 1H), 
5.91 (dd, J = 11.2, 17.2 Hz, 1H), 6.68 (dd, J 
= 2.8, 8.8 Hz, 1H), 6.77 (d, J = 2.8 Hz, 1H), 
7.35 (br, 1H)
To a solution of 
trimethylsilylacetylene (94 μL, 0.678 
mmol) in Et2O (2.0 mL) was added to n-
BuLi in hexane (0.42 mL, 0.678 mmol) at 
-78 °C and the mixture was stirred for 1 h at 
0 °C. And then a THF solution of 136 (230 
mg, 0.617 mmol) in Et2O (3.8 mL) was 
added to this mixture and stirred for 5 h at 
-78 °C. The reaction was quenched with sat. 
NH4Cl and the mixture was extracted with 
AcOEt (10 mL × 3). The resulting organic 
N
CO2Me
MeO
CO2Et
H
OH
TMS
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layers were washed with brine, dried over 
Na2SO4 and concentrated in vacuo. The 
crude product was purified by flash column 
chromatography (hexane:AcOEt = 4:1) to 
give 141 as a yellow oil (250 mg, 86%, dr = 
6:1) with a recovery of 4 (30.0 mg, 13%).
1H NMR (400 MHz, CDCl3) δ: 0.17 (s, 9H), 
1.10 (dd, J = 4.4, 10.4 Hz, 1H), 1.89 (t, J = 
7.2 Hz, 3H), 1.48-1.63 (m, 2H), 2.16-2.27 
(m, 2H), 2.73 (d, J = 17.2 Hz, 0.8H), 2.98 
(d, J = 17.2 Hz, 0.8H), 3.09 (d, J = 17.2 Hz, 
0.2H), 3.25 (d, J = 17.2 Hz, 0.2H), 3.77 (s, 
3H), 3.88 (s, 3H), 4.14 (q, J = 7.2 Hz, 2H), 
6.66 (dd, J = 2.8, 9.2 Hz, 1H), 6.81 (d, J = 
2.8 Hz, 1H), 7.31 (br, 1H)
13C NMR (100 MHz, CDCl3) δ: 0.0, 14.5, 
17.1, 24.4, 31.1, 33.7, 33.8, 34.2, 49.0, 
53.5, 55.7, 61.0, 64.5, 87.3, 108.7, 109.4, 
111.8, 116.7, 135.8, 137.0, 156.2, 170.8
IR (ATR) ν: 3428, 2957, 1733, 1682, 1485, 
1343 cm-1
HRMS for C25H33NNaO6Si [M +  Na]+, 
494.1975 (calcd), 494.1987 (found).
To a solution of 141 
(15 mg, 0.032 
mmol) with EtOH 
(9 μL, 0.16 mmol) 
in THF (0.6 mL) was added a THF solution 
of LiBH4 (80 μL, 0.16 mmol) at 0 °C. After 
being stirred for 20 h at room temperature, 
the mixture was quenched by sat. NH4Cl at 
0 °C. After addition of water, the mixture 
was extracted with AcOEt (10 mL ×  3). 
Combined organic layers were washed with 
brine, dried over Na2SO4 and concentrated 
N
CO2Me
MeO
H
OH
TMS
OH
142
??????????
70
in vacuo. The crude product was purified by 
f l a s h c o l u m n c h r o m a t o g r a p h y 
(hexane:AcOEt = 2:1) to give 142 (9 mg, 
61%) as a colorless oil.
1H NMR (400 MHz, CDCl3) δ: 0.18 (s, 9H), 
0.95 (dd, J = 4.4, 10.0 Hz, 1H), 1.43 (br, 
1H), 1.72 (dd, J = 4.4, 7.2 Hz, 1H), 1.94 (q, 
J = 7.6 Hz, 1H), 2.13-2.26 (m, 2H), 
2.33-2.37 (m, 1H), 2.47-2.51 (m, 1H), 
2.63-2.67 (m, 1H), 3.77 (s, 3H), 3.77-3.90 
(m, 2H), 3.88 (s, 3H), 6.67 (dd, J = 2.4, 8.0 
Hz, 1H), 6.83 (d, J = 2.4 Hz, 1H), 7.34 (br, 
1H)
13C NMR (100 MHz, CDCl3) δ: 0.0, 17.4, 
24.5, 27.4, 29.7, 33.2, 33.9, 33.9, 48.9, 
53.5, 55.7, 59.9, 64.5, 87.1, 108.8, 109.8, 
111.5, 116.9, 136.1, 136.7, 156.1
IR (ATR) ν: 3376, 2958, 1683, 1485, 1348 
cm-1
HRMS for C23H31NNaO5Si [M +  Na]+, 
452.1869 (calcd), 452.1863 (found).
To a solution of 142 
(8 mg, 0.0186 
mmol) and DMAP 
(1.1 mg, 0.0093 
mmol) and Et3N (13 μL, 0.093 mmol) in 
DCM was added TsCl (7.1 mg, 0.0373 
mmol) at room temperature. After being 
stirred for 2 h, the mixture was quenched by 
sat. NaHCO3. The resulting mixture was 
extracted with AcOEt (3 mL ×  3) and the 
organic layers were washed with brine, 
dried over Na2SO4 and concentrated in 
vacuo. The crude product was purified by 
f l a s h c o l u m n c h r o m a t o g r a p h y 
N
CO2Me
MeO
H
OH
TMS
OTs
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(hexane:AcOEt = 1:1) to give the 
corresponding tosylate 143 as a yellow oil.
1H NMR (400 MHz, CDCl3) δ: 0.19 (s, 9H), 
0.93 (dd, J = 4.4, 10.0 Hz, 1H), 1.41-1.50 
(m, 1H), 1.62 (dd, J = 4.4, 7.2 Hz, 1H), 
1.99-2.15 (m, 3H), 2.47 (s, 3H), 2.43-2.53 
(m, 2H), 2.58-2.65 (m, 1H), 3.74 (s, 3H), 
3.87 (s, 3H), 4.01-4.08 (m, 1H), 4.18-4.24 
(m, 1H), 6.60 (d, J = 2.4 Hz, 1H), 6.64 (dd, 
J = 2.4, 8.8 Hz, 1H), 7.26 (d, J = 8.0 Hz, 
2H), 7.26 (br, 1H), 7.65 (d, J = 8.0 Hz, 2H)
13C NMR (100 MHz, CDCl3) δ: -0.06, 17.3, 
21.6, 24.4, 24.5, 33.1, 33.4, 33.8, 48.7, 
33.4, 55.6, 64.4, 66.9, 87.3, 108.5, 109.0, 
112.0, 117.0, 127.7, 129.8, 132.5, 135.2, 
135.9, 144.8, 156.1
IR (ATR) ν: 3411, 2957, 1682, 1485, 1346, 
1176 cm-1
HRMS for C30H37NNaO7SSi [M + Na]+, 
606.1958 (calcd), 606.1952 (found).
To a solution of 
above tosylate 143 
in DMF (0.2 mL) 
was added NaN3 
(3.6 mg, 0.056 mmol) at room temperature. 
After being stirred for 2 h at 80 °C,
the reaction was quenched by addition of 
water. The resulting mixture was extracted 
with AcOEt-hexane (4:1) (3 mL ×  3) and 
the organic layers were washed with brine, 
dried over Na2SO4 and concentrated in 
vacuo to give 144 as a yellow oil.
1H NMR (400 MHz, CDCl3) δ: 0.19 (s, 9H), 
0.99 (dd, J = 4.4, 10.0 Hz, 1H), 1.50-1.56 
(m, 1H), 1.68 (dd, J = 4.4, 15.2 Hz, 1H), 
N
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1.86-1.93 (m, 1H), 2.16-2.22 (m, 1H), 
2.37-2.42 (m, 1H), 2.65-2.74 (m, 1H), 
3.40-3.51 (m, 2H), 3.80 (s, 3H), 3.88 (s, 
3H), 6.68 (dd, J = 2.8, 8.8 Hz, 1H), 6.77 (d, 
J = 2.8 Hz, 1H), 7.35 (br, 1H)
13C NMR (100 MHz, CDCl3) δ -0.10, 17.4, 
24.4, 24.6, 33.1, 33.9, 34.1, 48.4, 48.9, 
53.4, 55.7, 64.4, 87.2, 108.6, 109.5, 111.6, 
117.0, 135.7, 136.1, 156.1
IR (ATR) ν: 3431, 2956, 2099, 1684, 1485 
cm-1
HRMS for C23H31N4O4Si [M +  H]+, 
455.2115 (calcd), 445.2114 (found).
To a solution of 144 
in MeOH (0.4 mL) 
was added K2CO3 
(12.8 mg, 0.093 
mmol) and the mixture was stirred for 1.5 h 
at room temperature. After addition of sat. 
NH4Cl, the mixture was extracted with 
AcOEt (3 mL ×  3). Combined organic 
layers were washed with brine, dried over 
Na2SO4 and concentrated in vacuo to give a 
terminal alkyne as a yellow oil.
1H NMR (400 MHz, CDCl3) δ: 1.00 (dd, J = 
4.4, 10.0 Hz, 1H), 1.54-1.59 (m, 1H), 1.71 
(dd, J = 4.4, 15.2 Hz, 1H), 1.86-1.90 (m, 
1H), 2.19-2.24 (m, 2H), 2.37-2.42 (m, 1H), 
2.46 (s, 1H), 2.52-2.55 (m, 1H), 2.67-2.74 
(m, 1H), 3.42-3.51 (m, 2H), 3.79 (s, 3H), 
3.88 (s, 3H), 6.68 (dd, J = 2.4, 8.8 Hz, 1H), 
6.77 (d, J = 2.4 Hz, 1H), 7.34 (br, 1H)
13C NMR (100 MHz, CDCl3) δ: 17.2, 24.3, 
24.5, 33.1, 33.8, 34.0, 48.4, 48.9, 53.5, 
N
CO2Me
MeO
H
OH
N3
H
55.7, 64.0, 71.2, 87.0, 109.5, 111.6, 117.0, 
135.7, 136.0, 156.2
IR (ATR) ν: 3432, 2952, 2098, 1683, 1485 
cm-1
HRMS for C20H23N4NO4 [M + H]+, 
383.1791 (calcd), 383.1713 (found).
To a solution of above 
alkyne in pyridine 
(0.4 mL) was added 
Ac2O (8.8 μL, 0.093 
mmol) and DMAP (2.3 mg, 0.019 mmol) at 
room temperature. The reaction mixture was 
stirred for 17 h at 65 °C and then quenched 
by water. The mixture was extracted with 
AcOEt (3 mL ×  3) and the combined 
organic layers were washed with brine, 
dried over Na2SO4 and concentrated in 
vacuo. The crude product was purified by 
f l a s h c o l u m n c h r o m a t o g r a p h y 
(hexane:AcOEt = 5:1) to give 145 (6.2 mg, 
0.0146 mmol) in 79% yield in 4 steps as a 
yellow oil.
1H NMR (400 MHz, CDCl3) δ: 0.99 (dd, J = 
2.4, 9.6 Hz, 1H), 1.77-1.82 (m, 1H), 
1.95-2.09 (m, 3H), 2.14 (s, 3H), 2.42-2.49 
(m, 1H), 2.64 (s, 1H), 2.67-2.76 (m, 2H), 
2.96-3.02 (m, 1H), 3.31-3.43 (m, 2H), 3.79 
(s, 3H), 3.88 (s, 3H), 6.68 (dd, J = 2.4, 8.8 
Hz, 1H), 6.75 (d, J = 2.4 Hz, 1H), 7.53 (d, J 
= 8.8 Hz, 1H)
13C NMR (100 MHz, CDCl3) δ: 18.6, 21.8, 
24.0, 24.5, 31.8, 32.3, 34.1, 48.5, 50.2, 
52.6, 55.7, 71.6, 74.1, 84.1, 108.9, 111.8, 
116.9, 135.0, 136.1, 154.2, 155.8, 169.8
N
CO2Me
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IR (ATR) ν: 3268, 2958, 2096, 1709, 1487, 
1233 cm-1
HRMS for C22H24N4NaO5 [M +  Na]+, 
447.1644 (calcd), 447.1656 (found).
To a solution of 145 
(21.0 mg, 0.053 mmol) 
in THF (5.3 mL) was 
added a THF solution 
of SmI2 (1.6 mL, 0.16 mmol) at 0 °C. After 
addition of sat. NaHCO3 and additional 
stirring for 10 min, the mixture and directly 
concentrated in vacuo. The crude product 
was purified by flash column 
chromatography by NH-silica (AcOEt only) 
to give primary amine 147 (20.0 mg) as 
colorless amorphous.
1H NMR (400 MHz, CDCl3) δ: 0.95 (dd, J = 
3.6, 10.0 Hz, 1H), 1.74-1.80 (m, 1H), 
1.90-2.01 (m, 3H), 2.16 (s, 3H), 2.28-2.32 
(m, 1H), 2.61 (s, 1H), 2.72-2.85 (m, 4H), 
3.00-3.04 (m, 1H), 3.78 (s, 3H), 3.84 (s, 
3H), 6.66 (dd, J = 2.8, 8.8 Hz, 1H), 6.80 (d, 
J = 2.8 Hz, 1H), 7.52 (d, J = 8.8 Hz, 1H)
13C NMR (100 MHz, CDCl3) δ: 18.1, 21.9, 
23.6, 28.8, 31.9, 32.1, 34.4, 39.4, 50.0, 
52.6, 55.7, 71.3, 73.6, 84.3, 109.2, 111.5, 
116.6, 136.1, 136.3, 154.3, 155.7, 170.0
IR (ATR) ν: 2955, 1705, 1486, 1216 cm-1
HRMS for C22H27N2O5 [M + H]+, 
399.1920 (calcd), 399.1931 (found).
N
CO2Me
MeO
H
OAc
NH2
147
To a solution of above 
amine 147 (20.0 mg, 
0.0503 mmol) in 
AcOEt (0.3 mL) was added Lindlar cat. 
(10.0 mg) and quinoline (13 μL, 0.106 
mmol) and the mixture was stirred for 3 h 
under hydrogen atmosphere (1 atm). 
Filtration followed by concentration gave a 
crude mixture which was purified by flash 
column chromatography using NH silica 
(hexane:AcOEt = 4:1 to 1:2) to give 148 
(15.0 mg) in 73% yield as colorless 
amorphous.
1H NMR (600 MHz, CDCl3) δ: 1.00 (dd, J = 
Hz, 1H), 1.47-1.48 (m, 1H), 1.77-1.80 (m, 
2H), 2.00 (dd, J = Hz, 1H), 2.26-2.29 (m, 
1H), 2.64-2.85 (m, 4H), 3.19-3.25 (m, 1H), 
3.78 (s, 3H), 3.85 (s, 3H), 5.15 (d, J = 11.4 
Hz, 1H), 5.17 (d, J = 17.4 Hz, 1H), 6.10 
(dd, J = 11.4, 17.4 Hz, 1H), 6.65 (dd, J = 
2.4, 9.0 Hz, 1H), 6.79 (d, J = 2.4 Hz, 1H), 
7.53 (d, J = 9.0 Hz, 1H)
13C NMR (150 MHz, CDCl3) δ: 17.7, 22.3, 
23.7, 29.1, 29.6, 30.3, 34.2, 39.4, 50.3, 
52.5, 55.7, 78.8, 109.1, 111.3, 113.8, 116.7, 
136.3, 136.7, 141.4, 154.2, 155.6, 170.8
IR (ATR) ν: 2950, 1706, 1487, 1338 cm-1
HRMS for C22H29N2NO5 [M + H]+, 
401.2077 (calcd), 401.2071 (found).
To a solution of 148 
(3.7 mg, 0.00925 
mmol) in acetonitrile 
(1.0 mL) was added 
N
CO2Me
MeO H
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Pd(PPh3)4 (2.1 mg, 0.00185 mmol, 20 mol
%) and Et3N (3.8 μL, 0.029 m mol) at room 
temperature. The reaction mixture was 
stirred for 13 h at 65 °C and then quenched 
with water. The mixture was extracted with 
AcOEt (5 mL ×  3) and the combined 
organic layers were washed with brine, 
dried over Na2SO4 and concentrated in 
vacuo. The crude product was purified by 
flash column chromatography using NH-
silica (hexane:AcOEt = 2:1) to give 149 
(3.1 mg) in 98% yield as a colorless oil.
1H NMR (600 MHz, CDCl3) δ: 1.05 (d, J = 
5.4 Hz, 1H), 1.44 (br, 1H), 1.97 (dd, J = 5.4, 
14.4 Hz, 1H), 1.78 (br, 1H), 2.16-2.23 (m, 
1H), 2.30 (td, J = 5.4, 13.8 Hz, 1H), 
2.36-2.41 (m, 1H), 2.51 (d, J = 15.0 Hz, 
1H), 2.55 (br, 1H), 3.04 (d, J = 14.4 Hz, 
1H), 3.27 (t, J = 12.0 Hz, 1H), 3.78 (s, 3H), 
3.87 (s, 3H), 4.93 (d, J = 10.2 Hz, 1H), 5.15 
(d, J = 18.0 Hz, 1H), 5.87 (dd, J = 10.2, 
18.0 Hz, 1H), 6.65 (dd, J = 2.4, 9.0 Hz, 1H), 
6.80 (d, J = 2.4 Hz, 1H), 7.51 (br, 1H)
13C NMR (150 MHz, CDCl3) δ: 20.4, 28.2, 
30.3, 31.3, 34.0, 34.5, 42.0, 48.8, 52.8, 
54.1, 55.7, 109.7, 110.0, 111.3, 116.2, 
136.3, 139.0, 148.4, 155.0, 155.7
IR (ATR) ν: 2927, 1706, 1487, 1276 cm-1
HRMS for C20H25N2O3 [M + H]+, 
341.1865 (calcd), 341.1858 (found).
To a solution of 149 
(10.6 mg, 0.0313 mmol) 
in DCM (1.3 mL) was 
added acryloyl chloride 
(10 μL, 0.125 mmol), Et3N (26 μL. 0.188 
mmol) and DMAP (one portion) at 0 °C. 
After being for 2 h, the reaction was 
quenched by addition of sat. NaHCO3 and 
the resulting mixture was stirred for 
additional 30 min. The mixture was 
extracted with DCM (5 mL ×  3) and the 
combined organic layers were washed with 
brine, dried over Na2SO4 and concentrated 
in vacuo. The crude product was?roughly 
purified by column chromatography 
(hexane:AcOEt = 1:2) to remove polar 
materials and the resulting crude mixture 
was used without further purification.?The 
crude starting material (diene) was 
dissolved in 1,2-dichloroethane (30 mL) 
that was degassed by argon bubbling for 30 
min and then Grubbs 2nd-generation 
catalyst (5.3 mg, 0.00625 mmol, 20 mol%) 
was added. After being stirred for 12 h at 50 
°C, the mixture was treated with filtration 
using NH-Silica with AcOEt and the 
resulting solvent was removed under vacuo. 
The resulting crude product was purified by 
diol-silica gel (hexane:AcOEt = 1:2) to give 
1 (8.0 mg) in 70% yield (2 steps) as 
colorless oil.
1H NMR (400 MHz, CDCl3) δ: 1.12 (d, J = 
5.2 Hz, 1H), 1.58-1.60 (m, 1H), 1.84 (d, J = 
14.4 Hz, 1H), 2.07-2.60 (m, 1H), 2.47 (dd, J 
N
CO2Me
N
MeO
O
H
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= 14.4, 5.2 Hz, 1H), 2.62-2.76 (m, 3H), 
2.88-2.92 (m, 1H), 3.53 (ddd, J = 15.2, 
12.0, 4.4 Hz, 1H), 3.79 (s, 3H), 3.88 (s, 
3H), 4.30 (dt, J = 15.2, 4.4 Hz, 1H), 6.09 (d, 
J = 6.0 Hz, 1H), 6.67 (dd, J = 8.8, 2.4 Hz, 
1H), 6.72 (d, J = 2.4 Hz, 1H), 6.88 (d, J = 
6.0 Hz, 1H), 7.47 (br, 1H)
13C NMR (150 MHz, CDCl3) δ: 20.6, 26.1, 
27.9, 28.9, 30.7, 33.7, 36.1, 50.0, 53.0, 
55.8, 65.6, 108.9, 111.2, 116.4, 125.2, 
135.1, 139.4, 154.1, 154.9, 156.1, 169.9
IR (ATR) ν: 1686 cm-1
HRMS for C21H23N2O4 [M + H]+, 
367.1658 (calcd), 367.1656 (found).
To a solution of 149 (8.2 
mg, 0.0241 mmol) in 
acetonitrile (0.3 mL), 
allyl bromide (21 μL, 
0.241 mmol) and K2CO3 
(66.5 mg, 0.482 mmol) was added and the 
mixture was stirred for at 50 °C. After being 
stirred for 2 h, the mixture was quenched 
with aq. NH4Cl and extracted with AcOEt 
(5 mL ×  3). The combined organic layer 
was washed with brine and dried over 
Na2SO4 and concentrated in vacuo. The 
crude product was roughly purified by 
column chromatography (hexane:AcOEt = 
1:2) to remove polar materials and the 
resulting crude mixture was used without 
further purification.?The crude starting 
material (diene) was dissolved in DCM (24 
mL) that was degassed by argon bubbling 
for 30 min and then Grubbs 2nd-generation 
N
CO2Me
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catalyst (4.1 mg, 0.00482 mmol, 20 mol%) 
was added. After being stirred for 12 h at rt, 
the solvent was removed under vacuo. The 
resulting crude product was purified by 
diol-silica gel (hexane:AcOEt = 1:2) to give 
2 (7.2 mg, 0.0205 mmol) in 85% yield (2 
steps) as colorless oil.
1H NMR (600 MHz, CDCl3) δ: 1.05 (d, J = 
4.8 Hz, 1H), 1.43 (dd, J = 3.6, 11.4 Hz, 1H), 
1.95 (d, J = 10.8 Hz, 1H), 2.29-2.37 (m, 
3H), 2.55-2.58 (m, 2H), 2.88 (d, J = 12.6 
Hz, 1H), 3.12 (td, J = 2.4, 12.6 Hz, 1H), 
3.45 (d, J = 14.4 Hz), 3.78 (s, 3H), 3.87 (s, 
3H), 4.01 (d, J = 14.4 Hz, 1H), 5.41 (d, J = 
6.0 Hz, 1H), 5.62 (d, J = 6.0 Hz, 1H), 6.66 
(dd, J = 1.8, 9.0 Hz, 1H), 6.81 (d, J = 1.8 
Hz, 1H), 7.54 (br, 1H)
13C NMR (150 MHz, CDCl3) δ: 19.9, 27.6, 
28.2, 28.5, 33.5, 34.5, 48.0, 50.2, 52.7, 
55.8, 64.6, 67.6, 109.8, 111.4, 116.2, 124.6, 
136.2, 137.6, 139.1, 154.9, 155.8
IR (ATR) ν: 1706 cm-1
HRMS for C21H25N2O3 [M + H]+, 
353.1865 (calcd), 353.1870 (found).
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To a solution of chiral 
amine (R)-167 (1.23 g, 
6.07 mmol) in THF (15 
mL) was added n-BuLi 
(3.9 mL, 6.07 mmol) at 
-78 ºC. After stirred for 1 h, the mixture 
was cooled to -100 ºC and TMSCl (1.0 mL, 
8.08 mmol) was added. And then 6 (840 mg, 
2.02 mmol) in THF (5 mL) was added 
dropwise. After stirred for 5 min the 
mixture was quenched by the addition of 
Et3N (1 mL) and sat NaHCO3 aq. and the 
mixture was extracted with AcOEt (100 mL 
×  3). Organic layers were washed by brine, 
dried over Na2SO4 and concentrated in 
vacuo to give crude enolether as yellow oil. 
To a solution of resulting crude mixture of 
TMS enolether in MeCN (10 mL) was 
added Pd(OAc)2 (1.59 g, 7.07 mmol) and 
the mixture was stirred at room temperature 
for 12 h. Filtration, concentration followed 
by flash column chromatography 
(hexane:AcOEt = 4:1) gave (–)-106 (760 
mg, 1.84 mmol) in 91% yield, 87%ee as 
yellow amorphous. [α]D25 –52.1 (c 1.0, 
CHCl3)
[α]D25 18.6 (c 1.0, CHCl3)
N
Boc
MeO
EtO2C
O
(–)-106
N
Boc
MeO
EtO2C
O
H
(+)-107
N
Boc
MeO
EtO2C
H
OH
TMS(+)-108
[α]D25 8.06 (c 1.0, CHCl3)
[α]D25 –6.82 (c 1.0, CHCl3)
To a solution of 
primary alcohol 
109 (109 mg, 0.231 
mmol) and one 
portion of DMAP 
and Et3N (65 μL, 0.462 mmol) in DCM (2.3 
ml) was added TsCl (66 mg, 0.347 mmol) at 
0 ºC and the mixture was warmed up to 
room temperature. After being stirred for 
7.5 h, the mixture was quenched by sat. 
NaHCO3. The resulting mixture was 
extracted with AcOEt (50 mL ×  3) and the 
organic layers were washed with brine, 
dried over Na2SO4 and concentrated in 
vacuo. The crude product was purified by 
f l a s h c o l u m n c h r o m a t o g r a p h y 
(hexane:AcOEt = 4:1) to give the 
corresponding tosylate 168 as a collarless 
solid .
1H NMR (400 MHz, CDCl3) δ: 0.18 (s, 9H), 
0.89 (dd, J = 4.4, 10.0 Hz, 1H), 1.37-1.57 
(m, 2H), 1.55 (s, 9H), 1.96-2.13 (m, 3H), 
2.44 (s, 3H). 2.45-2.66 (m, 3H), 3.73 (s, 
3H), 4.03 (q, J = 8.0 Hz, 1H), 4.17-4.23 (m, 
1H), 5.76 (br, 1H), 6.60-6.65 (m, 2H), 
7.23-7.28 (m, 3H), 7.65 (d, J = 8.4 Hz, 2H)
N
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13C NMR (100 MHz, CDCl3) δ: 0.00, 17.4, 
21.7, 24.4, 34.7, 28.3, 33.1, 33.8, 48.5, 
55.7, 64.3, 67.1, 83.3, 87.1, 108.8, 109.0, 
111.9, 116.9, 127.8, 129.9, 132.5, 135.4, 
136.5, 144.9, 155.1, 155.9
IR (ATR) ν: 2957, 1674, 1486, 1351, 1176 
cm–1
HRMS for C33H43NNaO7SSi [M +  Na]+, 
648.2427 (calcd), 648.2429 (found); mp: 
173 ºC;  [α]D25 –7.23 (c 1.0, CHCl3)
To a solution of above 
tosylate 168 (260 mg, 
0.415 mmol) in DMF 
(2 mL) was added 
NaN3 (54 mg, 0.831 
mmol) at room temperature. After being 
stirred for 2 h at 80 °C, the reaction mixture 
was cooled to rt. MeOH (2 mL) and K2CO3 
(229 mg, 1.66 mmol) were added to the 
reaction mixture and the mixture was stirred 
for 1 h at same temperature. After addition 
of sat. NH4Claq, the mixture was extracted 
with AcOEt (50 mL ×  3). Combined organic 
layers were washed with brine, dried over 
Na2SO4 and concentrated in vacuo to give a 
terminal alkyne as colorless oil. 
To a solution of above alkyne in pyridine (2 
mL) was added Ac2O (78 μL, 0.83 mmol) 
and DMAP (10.1 mg, 0.083 mmol) at room 
temperature. The reaction mixture was 
stirred for 14 h at 65 °C and then quenched 
by sat. NaHCO3. The mixture was extracted 
with AcOEt (50 mL ×  3) and the combined 
N
Boc
MeO OAc
H
N3
(–)-118
organic layers were washed with brine, 
dried over Na2SO4 and concentrated in 
vacuo. The crude product was purified by 
f l a s h c o l u m n c h r o m a t o g r a p h y 
(hexane:AcOEt = 4:1) to give 118 (150 mg, 
0.322 mmol) in 78% yield in 2 steps as a 
colorless oil.
[α]D25 –3.00 (c 1.0, CHCl3)
[α]D25 –12.0 (c 1.0, CHCl3)
[α]D25 1.48 (c 1.0, CHCl3)
[α]D25 –18.1 (c 1.0, CHCl3)
[α]D25 –18.1 (c 1.0, CHCl3)
N
Boc
MeO OAc
H
NH2
N
Boc
MeO OAc
H
NH2
(+)-121
N
Boc
NH
MeO
H
(–)-122
N
Boc
N
MeO
H
(–)-38
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To a solution of 15 (8.0 
mg, 0.0203 mmol) and 
N , N , N ’ , N ’ -
tetramethylethylenediamine (TMEDA, 60 
µL, 0.406 mmol) in CH2Cl2 (0.2 mL) was 
slowly added TBSOTf (47 µL, 0.203 mmol) 
at 0 °C. After being stirred for 22 h at room 
temperature, the reaction was quenched 
with satNa2CO3aq. The mixture was 
extracted with diethyl ether and the 
combined organic layers were washed with 
brine, dried over Na2SO4, filtered, and 
concentrated in vacuo to afford crude TBS 
carbamate, which was used in the next 
reaction without further purification. 
To a mixture of above crude compound, 
iodomethane (6 µL, 0.102 mmol), and 
molecular sieves 4Å (powder, 3 mg) in THF 
(0.5 mL) was slowly added tetra-n-
butylammonium fluoride (TBAF, 1.0 M 
solution in THF, 50 µL) at 0 °C. After being 
stirred for 30 min, the reaction was 
quenched with satNH4Cl. The mixture was 
extracted with diethyl ether, and the 
combined organic layers were washed with 
brine, dried over Na2SO4, filtered, and 
concentrated in vacuo. The residue was 
purified by flash column chromatography 
using diol silica gel with ethyl acetate/n-
hexane (1:1) to afford (–)-2 (2.4 mg, 33% 
for 2 steps from 15) as yellow oil.
[α]D25 –30.06 (c 0.05, CHCl3)
N
CO2Me
N
MeO
H
(–)-lundurine B (2)
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To a solution of o-
iodoaniline (25.6 g, 117 
m m o l ) a n d 1 , 4 -
c y c l o h e x a n e d i o n e 
monoethylene acetal (18.2 
g, 117 mmol) in AcOH (120 mL) was added 
TMSCN (17.5 mL, 140 mmol) at room 
temperature. The solution was stirred at 
same temperature for 12 hours, and then 
concentrated in vacuo. AcOEt (150 mL) and 
H2O (150 mL) were added and the aqueous 
layer was extracted with AcOEt (3 ×  100 
mL). The combined organic fraction was 
washed with 1N NaOHaq (100 mL) and 
brine, dried over Na2SO4, filtered and 
concentrated in vacuo to give 229 (45.0 g, 
117 mmol, quant.). This crude material was 
used in next step without further 
purification.
1H-NMR (600 MHz, CDCl3) δ 1.80-1.89 
(m, 4H), 2.11-2.14 (m, 2H), 2.37-2.41 (m, 
2H), 3.93-3.98 (m, 4H), 4.23 (s, 1H), 6.86 
(t, J = 7.56 Hz, 1H), 7.14 (d, J = 8.25 Hz, 
1H), 7.25-7.27 (m, 1H), 7.70 (d, J = 7.56 
Hz, 1H)
13C-NMR (150 MHz, CDCl3) δ 30.8, 33.5, 
52.6, 64.6, 64.7, 88.7, 106.9, 114.8, 120.5, 
121.5, 129.4, 139.6, 143.1
IR (ATR) ν 3371, 2956, 2884, 1586, 1504 
cm–1
HRMS for C15H18IN2O2 [M + H]+ 
385.04131 (calcd), 385.0425 (found)
m.p.: 118-120 ºC
I
N
H
CN
O
O
229
To a solution of 229 (45.0 
g, 117 mmol) in ClCO2Me 
(200 mL) was added 
K2CO3 (80.7 g, 585 mmol) 
at room temperature. The solution was 
heated at 72 ºC for 3 days and concentrated 
in vacuo. The residue was dissolved in 
CHCl3 and the solution was filtered through 
Celite and concentrated. The crude material 
was purified by flash column 
chromatography (hexane/AcOEt 2/1 to 1/1) 
to give starting material 229 (30.0 g, 77.2 
mmol, 66%) and 230 (17.1 g, 38.6 mmol, 
33%, 100% (brsm)) as a white solid.
1H-NMR (400 MHz, CDCl3) δ 1.70-1.84 
(m, 4H), 1.95-2.03 (m, 2H), 2.26-2.30 (m, 
1H), 2.49-2.53 (m, 1H), 3.68 (s, 3H), 
3.85-3.94 (m, 4H), 7.07 (td, J = 1.46, 7.69 
Hz, 1H), 7.21 (dd, J = 1.46, 8.06 Hz, 1H), 
7.38 (td, J = 1.10, 7.69 Hz, 1H), 7.88 (dd, J 
= 1.10, 8.06 Hz, 1H)
13C-NMR (100 MHz, CDCl3) δ 31.8, 32.9, 
33.3, 53.7, 57.8, 64.5, 64.7, 103.6, 106.6, 
118.9, 129.3, 130.1, 130.6, 139.8, 141.3, 
154.4
IR (ATR) ν 2954, 2884, 1717 cm–1
HRMS for C17H19IN2NaO4 [M + Na]+, 
465.0287 (calcd), 465.0279 (found)
m.p.: 179-181 ºC
To a solution of 230 (26.0 
g, 58.8 mmol) in THF (70 
mL) was slowly added i-
PrMgCl (2.0 M in THF, 
67.6 mL, 135 mmol) at 0 ºC 
and the mixture was stirred for 10 min. 
I
N
MeO2C
CN
O
O
230
N
O
O
CO2Me
214
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After addition of 2N HClaq (130 mL), the 
mixture was heated at 50 ºC and stirred 
overnight. Then this mixture was cooled to 
room temperature. The layer was separated 
and the aqueous layer was extracted with 
AcOEt (3 ×  100 mL). The combined organic 
fraction was washed with brine, dried over 
Na2SO4, filtered and concentrated in vacuo. 
The residue was purified by flash column 
chromatography (hexane/AcOEt 2/1 to 1/1) 
to give 214 (14.7 g, 53.7 mmol, 91%) as a 
brown solid.
1H-NMR (400 MHz, CDCl3) δ 1.99-2.05 
(m, 2H), 2.52-2.56 (m, 2H), 2.81-2.89 (m, 
2H), 3.03-3.11 (m, 2H), 3.96 (s, 3H), 7.23 
(td, J = 0.8, 7.6 Hz, 1H), 7.70 (td, J = 1.6, 
7.2 Hz, 1H), 7.80 (dd, J = 0.8, 8.0 Hz, 1H), 
8.12 (br, 1H)
13C-NMR (150 MHz, CDCl3) δ 28.1, 35.7, 
53.1, 66.8, 117.2, 123.8, 124.4, 129.1, 
129.9, 137.5, 152.1, 201.1, 210.6
IR (ATR) ν 2956, 1698, 1606, 1591 cm–1
HRMS for C15H16NO4 [M+H]+ 274.1079 
(calcd), 174.1076 (found)
m.p.: 107-109 ºC
To a solution of chiral 
amine 167 (3.5 mL, 18.3 
mmol) in THF (25 mL) at –
78 ºC was added n-BuLi 
(1.6 M in hexane, 11.4 mL, 
18.3 mmol) and the solution was stirred for 
1.5 hours. To the resulting red solution was 
then added freshly distilled TMSCl (4.6 
mL, 3.67 mmol) and the solution was 
cooled to –100 ºC (liq-N2/Et2O). To this 
N
O
O
CO2Me
207
mixture, a solution of 214 (2.0 g, 7.33 
mmol) in THF (12 mL) was slowly added. 
After being stirred for 5 min, the reaction 
was quenched by the addition of Et3N (5 
mL) and saturated aqueous NaHCO3 (20 
mL). The separated aqueous layer was 
extracted with Et2O (3 × 30 mL) and the 
combined organic fraction was dried over 
Na2SO4, filtered and concentrated in vacuo 
to give the crude mixture of chiral amine 
167 and TMS-enolether. The chiral amine 
167 was isolated by Kugelrohr distillation 
(0.2 mmHg, 50 ºC) and the resulted residue, 
including TMS-enolether, was directly used 
in the next step. 
To a solution of the crude 12b in MeCN (10 
mL) was added Pd(OAc)2 (2.5 g, 11.1 
mmol). The solution was stirred overnight 
at room temperature, then diluted with 
AcOEt (10 mL), filtered through Celite and 
concentrated. The solution of the crude 
material in Et2O (50 mL) was washed with 
1N HClaq (50 mL), saturated aqueous 
NaHCO3 (50 mL) and brine. The organic 
layer was dried over Na2SO4, filtered and 
concentrated in vacuo. The residue was 
purified by flash column chromatography 
(hexane/AcOEt 2/1) to give 207 (1.79 g, 
6.59 mmol, 90%, 76% ee) as a white solid. 
Enantiomeric excess of 207 was determined 
by chiral HPLC analysis using 
CHIRALCEL OJ-H (Column No. OJH0CE-
DG043, Daicel Corporation) (elutant: 
hexane:i-PrOH = 70:30, detected in 14.2 
min (major) and 17.0 min (minor))
1H-NMR (400 MHz, CDCl3) δ 2.08-2.12 
(m, 1H), 2.48-2.56 (m, 1H), 3.06 (br, 1H), 
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3.21 (td, J = 10.0, 14.4 Hz, 1H), 3.92 (s, 
3H), 6.23 (d, J = 10.0 Hz, 1H), 6.57 (d, J = 
10.0 Hz, 1H), 7.25 (t, J = 8.0 Hz, 1H), 7.73 
(t, J = 8.0 Hz, 1H), 7.80 (d, J = 8.0 Hz, 1H), 
8.23 (br, 1H)
13C-NMR (150 MHz, CDCl3) δ .5, 31.9, 
53.2, 69.2, 117.0, 124.0, 124.9, 129.1, 
129.9, 130.8, 137.9, 145.9, 151.7, 194.4, 
197.1
IR (ATR) ν 1714, 1680, 1607, 1467 cm–1
HRMS for C15H13NNaO4 [M+Na]+ 
294.0742 (calcd), 294.0736 (found)
m.p.: 127-131 ºC
[α]D26 –245.8 (c 1.0, CHCl3, 76% ee)
To a suspention of CuI (185 
mg, 0.969 mmol) in THF (1 
mL) was added vinylMgBr 
(1.0 M in THF, 1.9 mL, 1.9 
mmol) at –78 ºC. Then the 
resulting mixture was stirred for 10 min at –
20 ºC and then cooled to –78 ºC again. To 
the resulting black solution was added a 
solution of enone 207 (175 mg, 0.646 
mmol) in THF (1 mL). After being stirred 
for 5 min, the reaction was quenched by the 
addition of saturated aqueous NH4Cl (5 mL) 
and Et2O (10 mL). The separated aqueous 
layer was extracted with Et2O (3 × 10 mL) 
and the combined organic fraction was 
dried over Na2SO4, filtered and 
concentrated in vacuo. The residue was 
purified by flash column chromatography 
(hexane/AcOEt 3/1) to give 236 (160 mg, 
0.535 mmol, 83%) as yellow oil.
1H-NMR (400 MHz, CDCl3) δ 1.95-2002 
N
O
MeO2C
O
236
(m, 1H), 2.38 (ddd, J = 2.0, 4.8, 15.2 Hz, 
1H), 2.45-2.53 (m, 1H), 2.95 (br, 1H), 3.20 
(td, J = 6.4, 13.6 Hz, 1H) 3.35 (t, J = 13.6 
Hz, 1H), 3.88 (br, 1H), 3.96 (s, 3H), 4.91 
(d, J = 10.4 Hz, 1H), 5.01 (d, J = 17.2 Hz, 
1H), 5.31-5.40 (m, 1H), 7.20 (t, J = 7.6 Hz, 
1H), 7.67 (t, J = 7.6 Hz, 1H), 7.75 (d, J = 
8.0 Hz, 1H), 8.08 (br, 1H)
13C-NMR (100 MHz, CDCl3) δ 28.6, 35.9, 
40.8, 43.7, 53.0, 70.1, 117.2, 118.4, 122.9, 
123.6, 123.7, 134.1, 137.5, 152.0, 152.2, 
200.2, 209.2
IR (ATR) ν 1707, 1608, 1592, 1469 cm–1
HRMS for C17H17NNaO4 [M+Na]+ 
322.1055 (calcd), 322.1046 (found)
 [α]D26 +0.91  (c 1.0, CHCl3)
To a solution of 236 (30 
mg, 0.1 mmol) and 
(TMSOCH2)2 (36.8 µL, 
0.151 mmol) in DCM (0.5 
mL) was added TMSOTf 
(5.4 µL, 0.03 mmol) at –78 
ºC. The solution was stirred for 3 hours and 
then allylMgBr (1.0 M in Et2O, 0.2 mL, 0.2 
mmol) was added to this solution. After 
being stirred for 5 min, the reaction was 
quenched with the addition of saturated 
aqueous NH4Cl (2 mL). The separated 
aqueous layer was extracted with DCM (3 × 
10 mL) and the combined organic fraction 
was dried over Na2SO4, filtered and 
concentrated in vacuo. The residue was 
purified by flash column chromatography 
(hexane/AcOEt 4/1) to give 237 (37 mg, 
0.0961 mmol, 96%) as colorless oil.
N
MeO2C
OH
O
O
237
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1H-NMR (400 MHz, CDCl3) δ 1.70 (dt, J = 
2.8, 11.6 Hz, 1H), 1.85 (dd, J = 2.8, 12.4 
Hz, 1H), 2.04-2.12 (m, 2H), 2.42 (dd, J = 
6.8, 13.6 Hz, 1H), 2.52 (t, J = 13.2 Hz, 1H), 
2.63 (dd, J = 7.6, 13.2 Hz, 1H), 2.73 (s, 
1H), 3.42-3.49 (m, 2H), 3.89 (s, 3H), 
3.98-4.00 (m, 4H), 4.57 (d, J = 10.4 Hz, 
1H), 4.81 (d, J = 17.6 Hz, 1H), 5.03 (d, J = 
17.6 Hz, 1H), 5.14 (d, J = 10.0 Hz, 1H), 
5.53-5.72 (m, 2H), 6.97 (t, J = 8.0 Hz, 1H), 
7.05 (d, J = 8.0 Hz, 1H), 7.19 (t, J = 8.0 Hz, 
1H), 7.53 (d, J = 8.0 Hz, 1H)
13C-NMR (100 MHz, CDCl3) δ 25.8, 31.8, 
37.6, 43.5, 44.3, 52.4, 64.4, 64.5, 74.6, 
83.3, 108.6, 114.1, 114.6, 119.9, 122.4, 
122.6, 128.9, 132.7, 134.6, 139.3, 141.1, 
153.9
IR (ATR) ν 3476, 1703, 1481 cm–1
HRMS for C22H27NNaO5 [M + Na]+, 
408.1787 (calcd), 408.1784 (found)
 [α]D25 +15.8 (c 1.0, CHCl3)
Molecular oxygen was 
bubbled through a solution 
of diene 237 (170 mg, 
0.442 mmol) in DCM (15 
mL) at –78 ºC for 5 min. 
Then ozone gas was 
bubbled through the mixture until light blue 
color persisted. Then oxygen gas was 
bubbled again through the mixture for a 
further 5 min followed by argon for 10 min. 
dimethylsulphide (0.13 mL, 1.77 mmol) 
was then added to the mixture and the 
mixture was warmed to room temperature 
and stirred overnight. The resulting yellow 
N
CO2Me
O OH O
OCHO
239
solution was washed with brine and the 
organic layer was dried over Na2SO4, 
filtered and concentrated in vacuo to give 
crude lactol 239, which was used in next 
oxidation without any purification due to its 
instability.
To a suspension of crude 
lactol 239 (0.442 mmol) 
and activated MS4A (300 
mg) in DCM (4.5 mL) was 
added PDC (250 mg, 0.663 
mmol) and the mixture was 
stirred at room temperature for 3 h hours. 
Then the mixture was filtered through celite 
and the resulting solution was concentrated. 
The residue was dissolved in Et2O (100 mL) 
and the solution was washed with H2O and 
brine. The organic layer was dried over 
Na2SO4, filtered and concentrated in vacuo 
to give crude lactone 240, which was used 
in next reduction without further 
purification due to its instability.
To a solution of crude 240 
(0.442 mmol) in EtOH (2.2 
mL) at –20 ºC was added 
NaBH4 (16.8 mg, 0.442 
mmol). After being stirred 
for 40 min, the reaction 
was quenched by the addition of saturated 
aqueous NH4Cl (5 mL) and DCM (10 mL). 
The separated aqueous layer was extracted 
with DCM (3 × 10 mL) and the combined 
organic fraction was dried over Na2SO4, 
filtered and concentrated in vacuo. The 
residue was purified by flash column 
N
CO2Me
O O O
OCHO
240
N
CO2Me
O O O
O
HO
241
??????????
82
chromatography (hexane/AcOEt 1/2) to 
give 241 (57 mg, 0.147 mmol, 33% over 3 
steps) as colorless oil.
1H-NMR (600 MHz, CDCl3) δ 1.83 (dt, J = 
7.2, 13.2 Hz, 1H), 2.22 (t, J = 4.8 Hz, 2H), 
2.31 (dd, J = 6.0, 13.8 Hz, 1H), 2.38 (td, J = 
7.8, 13.8 Hz, 2H), 2.56 (td, J = 7.2, 13.8 Hz, 
2H), 3.24 (t, J = 6.0 Hz, 1H), 3.78 (t, J = 6.0 
Hz, 2H), 3.91 (s, 3H), 3.97-4.13 (m, 4H), 
7.11 (t, J = 7.8 Hz, 1H), 7.35 (t, J = 7.8 Hz, 
1H), 7.46 (d, J = 7.8 Hz, 1H), 7.72 (d, J = 
7.8 Hz, 1H)
13C-NMR (150 MHz, CDCl3) δ 25.5, 31.4, 
31.7, 37.3, 46.1, 52.9, 58.3, 64.1, 64.8, 
72.0, 92.4, 107.0, 116.4, 123.9, 125.2, 
128.4, 130.9, 140.9, 153.4, 175.5
IR (ATR) ν 1770, 1714 cm–1
HRMS for C20H23NNaO7 [M+Na]+ 
412.1372 (calcd), 412.1360 (found)
 [α]D27 –13.0 (c 1.0, CHCl3)
To a solution of alcohol 
241 (57 mg, 0.147 mmol) 
in THF (1.5 mL) was added 
PPh3 (57.9 mg, 0.221 
m m o l ) , b i s ( 2 -
m e t h o x y e t h y l ) 
azodicarboxylate (51.7 mg, 0.221 mmol) 
and DPPA (47.5 µL, 0.221 mmol). After 
being stirred overnight at room temperature, 
the reaction was quenched by the addition 
of H2O (3 mL) and Et2O (5 mL). The 
separated aqueous layer was extracted with 
Et2O (3 × 5 mL) and the combined organic 
fraction was dried over Na2SO4, filtered and 
concentrated in vacuo. The residue was 
N
CO2Me
O O O
O
N3
243
purified by flash column chromatography 
(hexane/AcOEt 3/1) to give 243 (44.4 mg, 
0.107 mmol, 73%) as colorless oil.
1H-NMR (600 MHz, CDCl3) δ 1.80 (dt, J = 
6.0, 12.0 Hz, 1H), 2.18 (dd, J = 7.2, 13.8 
Hz, 1H), 2.24-2.38 (m, 3H), 2.43-2.57 (m, 
3H), 3.15 (dd, J = 4.2, 6.6 Hz, 1H), 3.31 (td, 
J = 5.4, 9.6 Hz, 1H), 3.41 (td, J = 5.4, 9.6 
Hz, 1H), 3.92 (s, 3H), 3.96-4.07 (m, 4H), 
7.12 (t, J = 7.8 Hz, 1H), 7.36-7.37 (m, 2H), 
7.72 (d, J = 9.0 Hz, 1H)
13C-NMR (150 MHz, CDCl3) δ 25.6, 31.1, 
31.7, 34.3, 46.6, 46.7, 53.0, 64.1, 64.7, 
71.6, 91.5, 106.9, 116.6, 124.1, 124.9, 
127.8, 131.1, 140.8, 153.4, 175.2
IR (ATR) ν 2099, 1780, 1713 cm–1
HRMS for C20H22N4NaO6 [M+Na]+ 
437.1437 (calcd), 437.1433 (found)
 [α]D28 –3.3 (c 1.0, CHCl3)
To a solution of acetal 243 
(60 mg, 0.145 mmol) in 
acetone (1.5 mL) was added 
p-TsOH (25 mg, 0.145 
mmol). The solution was 
heated at 40 ºC and stirred 
overnight. Then the solution was 
concentrated and DCM (5 mL) and 
saturated aqueous NaHCO3 (5 mL) were 
added to the residue. The separated aqueous 
layer was extracted with DCM (3 ×  10 mL) 
and the combined organic fraction was 
dried over Na2SO4, filtered and 
concentrated in vacuo. The residue was 
purified by flash column chromatography 
(hexane/AcOEt 3/1) to give 244 (53.7 mg, 
N
CO2Me
O O
N3
O
244
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0.145 mmol, quant.) as a colorless solid.
1H-NMR (600 MHz, CDCl3) δ 2.23-2.27 
(m, 2H), 2.35 (dt, J = 3.6, 15.0 Hz, 1H), 
2.43-2.47 (m, 1H), 2.63 (dt, J = 3.6, 18.0 
Hz, 1H), 2.94 (dd, J = 2.4, 18.0 Hz, 1H), 
3.19 (dd, J = 2.4, 13.2 Hz, 1H), 3.30-3.40 
(m, 4H), 3.95 (s, 3H), 7.18 (t, J = 7.8 Hz, 
1H), 7.38-7.41 (m, 2H), 7.69 (d, J = 7.8 Hz, 
1H)
13C-NMR (150 MHz, CDCl3) δ 22.7, 35.3, 
35.8, 38.5, 46.3, 46.5, 53.4, 71.9, 91.0, 
116.0, 124.3, 125.0, 127.1, 131.6, 140.3, 
154.4, 174.6, 206.4
IR (ATR) ν 2102, 1777, 1714 cm–1
HRMS for C18H18N4NaO5 [M+Na]+ 
393.1175 (calcd), 393.1173 (found)
m.p.: >200 ºC
 [α]D28 +86.7 (c 1.0, CHCl3)
To a solution of 244 (53.7 
mg, 0.145 mmol) in THF 
(0.73 mL) at –78 ºC was 
added vinylMgBr (1.0 M in 
THF, 0.22 mL, 0.22 mmol). 
After being stirred at same 
temperature for 2 hours, the reaction was 
quenched by the addition of saturated 
aqueous NH4Cl (2 mL) and AcOEt (5 mL). 
The separated aqueous layer was extracted 
with AcOEt (3 ×  5 mL) and the combined 
organic fraction was dried over Na2SO4, 
filtered and concentrated in vacuo. The 
residue was purified by flash column 
chromatography (hexane/AcOEt 2/1) to 
give 246 (49.5 mg, 0.125 mmol, 86%, dr = 
1/6) as colorless oil.
N
O O
N3
OH
CO2Me
246
1H-NMR (400 MHz, CDCl3) δ 1.73 (m, 
1H), 2.17-2.23 (m, 3H), 2.29-2.35 (m, 1H), 
2.41-2.51 (m, 1H), 2.82 (t, J = 4.0 Hz, 1H), 
3.19 (td, J = 5.2, 10.0 Hz, 1H), 3.33 (td, J = 
6.0, 10.4 Hz, 1H), 3.91 (s, 3H), 5.23 (d, J = 
10.4 Hz, 1H), 5.32 (d, J = 17.2 Hz, 1H), 
6.04 (dd, J = 10.4. 17.2 Hz, 1H), 7.13 (t, J = 
7.6 Hz, 1H), 7.35-7.38 (m, 2H), 7.65 (d, J = 
8.8 Hz, 1H)
13C-NMR (100 MHz, CDCl3) δ 23.0, 32.7, 
33.6, 34.3, 45.0, 46.3, 52.9, 70.3, 71.0, 
91.4, 112.6, 116.8, 124.2, 125.0, 128.2, 
131.0, 140.3, 144.5, 153.8, 176.4
IR (ATR) ν 1715 cm–1
HRMS for C20H22N4NaO5 [M+Na]+ 
421.1488 (calcd), 421.1496 (found)
 [α]D25 –7.6 (c 1.0, CHCl3)
To a solution of 
allylalcohol 246 (13.0 mg, 
0.0327 mmol) in Ac2O 
(0.33 mL) was added p-
TsOH (2.8 mg, 0.0163 
mmol). After being stirred 
at room temperature for 40 min, the reaction 
was quenched by the addition of saturated 
aqueous NaHCO3 (2 mL) and DCM (5 mL). 
The separated aqueous layer was extracted 
with DCM (3 ×  5 mL) and the combined 
organic fraction was dried over Na2SO4, 
filtered and concentrated in vacuo. The 
residue was purified by flash column 
chromatography (hexane/AcOEt 1/2) to 
give 247 (14.4 mg, 0.0328 mmol, quant.) as 
colorless oil.
1H-NMR (400 MHz, CDCl3) δ 2.01 (s, 3H), 
N
O O
N3
OAc
CO2Me
247
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2.15 (dd, J = 7.2, 14.4 Hz, 1H), 2.24-2.42 
(m, 5H), 257-2.64 (m, 1H), 2.78 (d, J = 14.4 
Hz, 1H), 2.87 (d, J = 6.8 Hz, 1H), 3.18-3.23 
(m, 1H), 3.29-3.36 (m, 1H), 3.91 (s, 1H), 
5.22 (d, J = 11.2 Hz, 1H), 5.26 (d, J = 17.6 
Hz, 1H), 6.21 (dd, J = 11.2, 17.6 Hz, 1H), 
7.14 (t, J = 7.2 Hz, 1H), 7.34-7.39 (m, 2H), 
7.63 (d, J = 8.0 Hz, 1H)
13C-NMR (100 MHz, CDCl3) δ 21.9, 23.0, 
30.8, 31.0, 34.3, 45.1, 46.3, 53.1, 70.9, 
78.8, 91.0, 114.2, 117.0, 124.4, 125.0, 
128.0, 131.1, 140.3, 140.7, 153.8, 169.7, 
174.6
IR (ATR) ν 2102, 1786, 1722, 1712 cm–1
HRMS for C22H24N4NaO6 [M+Na]+ 
463.1594 (calcd), 463.1588 (found)
 [α]D27 –4.5 (c 0.2, CHCl3)
To a solution of azide 247 
(4.6 mg, 0.0105 mmol) in 
THF (0.477 mL) and H2O 
(48 µL) was added PPh3 
(5.5 mg, 0.021 mmol) at 
room temperature. After 
being stirred overnight, the solution was 
concentrated and the crude residue was 
purified by flash column chromatography 
(NH silica gel, hexane/AcOEt 2/1, CHCl3) 
to give 210 (4.4 mg, 0.0105 mmol, quant.) 
as colorless oil.
1H-NMR (600 MHz, CDCl3) δ 2.00 (s, 3H), 
2.15-2.19 (m, 2H), 2.28-2.40 (m, 3H), 
2.57-2.60 (m, 2H), 2.74-2.81 (m, 2H), 2.89 
(dd, J = 2.4, 7.2 Hz, 1H), 3.90 (s, 3H), 5.22 
(d, J = 11.4 Hz, 1H), 5.27 (d, J = 17.4 Hz, 
1H), 6.21 (dd, J = 11.4, 17.4 Hz, 1H), 7.12 
N
O O
H2N
OAc
CO2Me
210
(t, J = 7.2 Hz, 1H), 7.34 (t, J = 8.4 Hz, 1H), 
7.37 (d, J = 7.2 Hz, 1H), 7.64 (d, J = 8.4 Hz, 
1H)
13C-NMR (150 MHz, CDCl3) δ 21.9, 23.1, 
30.7, 31.5, 36.9, 39.1, 45.2, 52.9, 79.4, 
91.9, 114.2, 116.7, 124.2, 125.1, 129.0, 
130.8, 140.3, 140.7, 153.9, 169.7, 175.1
IR (ATR) ν 1714 cm–1
HRMS for C22H27N2O6 [M+H]+ 415.1869 
(calcd), 415.1869 (found)
 [α]D27 –13.5 (c 0.2, CHCl3)
To a solution of amine 210 
(3.0 mg, 0.00725 mmol) in 
MeCN (0.73 mL) was 
added Et3N (3.1 µL, 0.0218 
mmol) and Pd(PPh3) 4 (2.5 
mg, 0.00217 mmol). The solution was 
heated at 65 ºC and stirred for 3 hours. The 
reaction was quenched by the addition of 
saturated aqueous NaHCO3 (2 mL) and 
DCM (5 mL). The separated aqueous layer 
was extracted with DCM (3 ×  3 mL) and the 
combined organic fraction was dried over 
Na2SO4, filtered and concentrated in vacuo. 
The residue was purified by flash column 
chromatography (Diol silica gel, hexane/
AcOEt 2/1) to give 209 (1.8 mg, 0.00507 
mmol, 70%) as colorless oil.
1H-NMR (600 MHz, CDCl3, 55 ºC) δ 1.69 
(br, 1H), 1.78 (t, J = 12.6 Hz, 1H), 2.11 (br, 
2H), 2.27 (br, 2H), 2.57 (br, 1H), 2.74 (dd, J 
= 9.6, 15.6 Hz, 1H), 3.26-3.30 (m, 1H), 
3.37 (br, 1H), 3.43 (dd, J = 9.0, 13.8 Hz, 
1H), 3.89 (s, 3H), 4.97 (d, J = 10.2 Hz, 1H), 
5.07 (d, J = 17.4 Hz, 1H), 5.92 (dd, J = 
N
NH
O O
CO2Me
209
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10.2, 17.4 Hz, 1H), 7.08 (t, J = 7.2 Hz, 1H), 
7.35 (t, J = 7.8 Hz, 1H), 7.40 (d, J = 7.2 Hz, 
1H), 7.53-7.69 (m, 1H)
13C-NMR (150 MHz, CDCl3, 55 ºC) δ 21.8, 
26.2, 29.8, 30.0, 52.7, 54.3, 74.6, 110.2, 
115.9, 123.5, 124.9, 131.2, 131.9, 132.2, 
132.3, 145.7, 179.4
IR (ATR) ν 1758, 1702 cm–1
HRMS for C20H23N2O4 [M+H]+ 355.1678 
(calcd), 355.1650 (found)
 [α]D26 +41.0 (c 0.1, CHCl3)
To a solution of 209 (3.5 
mg, 0.010 mmol) in DCM 
(1 mL) iPr2NEt (35 µL, 
0.20 mmol) and acryloylCl 
(8.1 µL, 0.10 mmol) was 
added at 0 ºC and the 
solution was stirred for 30 min. Then the 
reaction was quenched by the addition of 
saturated aqueous NaHCO3 (2 mL) and 
DCM (3 mL). The separated aqueous layer 
was extracted with DCM (3 ×  3 mL) and the 
combined organic fraction was dried over 
Na2SO4, filtered and concentrated in vacuo. 
The residue was roughly purified by flash 
column chromatography (Diol silica gel, 
hexane/AcOEt 1/2) to give the 
corresponding diene, which was used in the 
next step.
To a solution of the above diene (0.010 
mmol) in degassed DCE (10 mL) was added 
Grubbs catalyst, 2nd Generation (1.7 mg, 
0.0020 mmol). The solution was stirred 
overnight at 50 ºC and then concentrated in 
vacuo. The crude residue was purified by 
N
N
O O
O
(+)-grandilodine C (6)
CO2Me
flash column chromatography (Diol silica 
gel, hexane/AcOEt 2/1, 1/1) to give (+)-6 
(3.5 mg, 0.00921 mmol, 92% in 2 steps) as 
brown oil.
1H-NMR (600 MHz, CDCl3) δ 1.63 (br, 
1H), 1.83-1.97 (m, br, 2H), 2.07 (d, J = 15.0 
Hz, 1H), 2.24-2.31 (br, 2H), 2.44 (br, 1H), 
2.69 (br, 1H), 2.96 (dd, J = 6.6, 16.2 Hz, 
1H), 3.20 (dd, J = 12.0, 16.2 Hz, 1H), 3.95 
(s, 3H), 4.00 (br, 1H), 4.58 (dd, J = 4.8, 
16.2 Hz, 1H), 6.12 (d, J = 5.4 Hz, 1H), 6.86 
(d, J = 5.4 Hz, 1H), 7.16 (t, J = 7.2 Hz, 1H), 
7.45-7.49 (m, 2H), 7.54-7.69 (m, 1H)
13C-NMR (150 MHz, CDCl3) δ 21.2, 28.8, 
29.3, 31.3, 34.7, 39.5, 53.2, 64.1, 72.7, 
91.5, 115.8, 123.8, 124.3, 124.9, 126.9, 
132.1, 141.4, 153.1, 155.0, 153.1, 155.0, 
171.5, 178.0
IR (ATR) ν 1768, 1696 cm–1
HRMS for C21H21N2O5 [M+H]+ 381.1451 
(calcd), 381.1446 (found)
 [α]D26 +60.4 (c 0.08, CHCl3)
To a suspension of (+)-
grandilodine C (6) (2.0 mg, 
0.00526 mmol) and 
activated MS4A (6 mg) in 
DCM (0.53 mL) was added 
Me3OBF4 (3.9 mg, 0.0263 mmol). The 
mixture was stirred at room temperature for 
3.5 hours, and then cooled to 0 ºC. 
Methanol (1.0 mL) and NaBH4 (4.0 mg, 
0.105 mmol) were added to this mixture and 
the resulting mixture was stirred for 
additional 40 min. The reaction was 
quenched by the addition of saturated 
N
N
O O
CO2Me
(+)-lapidilectine B (5)
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aqueous NaHCO3 (2 mL). And the mixture 
was then filtered through Na2SO4 and 
concentrated in vacuo. The residue was 
purified by flash column chromatography 
(Diol silica gel, hexane/AcOEt 8/1) to give 
(+)-lapidilectine B (5) (1.7 mg, 0.00464 
mmol, 88%). The 1H NMR, IR and MS 
spectra showed good agreement with both 
the natural and synthetic 5 reported by Païs 
and Pearson, respectively. Small amount of 
5 and the influence of its rotamers 
prevented us to obtain reasonable 13C NMR 
spectra, unfortunately. Furthermore, 
synthetic (+)-5 was found to be unstable 
and the its color gradually changed to 
yellow in the air. These would be the reason 
why Pearson also couldn’t report the 13C 
NMR spectra.
1H-NMR (600 MHz, CDCl3) δ: 1.63 (m, 
1H), 1.99-2.06 (m, 2H), 2.10-2.17 (m, 3H), 
2.66 (br, 1H), 2.75 (dd, J = 8.4, 15.0 Hz, 
1H), 2.92 (dd, J = 9.6, 22.2 Hz, 1H), 3.18 
(d, J = 16.2 Hz, 1H), 3.23 (dd, J = 9.0, 13.2 
Hz, 1H), 3.32-3.43 (br, m, 1H), 3.83 (d, J = 
16.8 Hz, 1H), 3.90 (s, 3H), 5.53 (br, 1H), 
5.74 (br, 1H), 7.10 (t, J = 7.2 Hz, 1H), 7.37 
(br, 1H), 7.41 (d, J = 7.2 Hz, 1H), 7.56 (br, 
0.8H, rotamer). 8.04 (br, 0.2H, rotamer)
IR (ATR) ν 1698 cm–1
HRMS for C21H23N2O4 [M+H]+ 367.1658 
(calcd), 367.1647 (found)
 [α]D26 +35.6 (c = 0.5, CHCl3)
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X-ray Data for compound 168
A. Crystal Data 
Empirical Formula C33H43NO7SSi
Formula Weight 625.85
Crystal Color, Habit colorless, block
Crystal Dimensions 0.200 X 0.200 X 0.200 
mm
Crystal System monoclinic
Lattice Type Primitive
Lattice Parameters a =   6.1731(1) Å
b =  15.5552(3) Å
c =  17.1417(3) Å
b =  94.4989(8) o
V = 1640.94(6) Å3
Space Group P21 (#4)
Z value 2
Dcalc 1.267 g/cm3
F000 668.00
m(CuKa) 16.143 cm-1
B. Intensity Measurements 
Diffractometer R-AXIS RAPID
Radiation CuKa (l = 1.54187 Å)
Voltage, Current 40kV, 30mA
Temperature -180.0oC
Detector Aperture 460 x 256 mm 
Data Images 30 exposures
w oscillation Range (c=54.0, f=0.0) 80.0 - 
260.0o
Exposure Rate  25.0 sec./o
w oscillation Range (c=54.0, f=90.0) 80.0 - 
260.0o
Exposure Rate  25.0 sec./o
w oscillation Range (c=54.0, f=180.0) 80.0 - 
260.0o
Exposure Rate  25.0 sec./o
w oscillation Range (c=54.0, f=270.0) 80.0 - 
260.0o
Exposure Rate  25.0 sec./o
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w oscillation Range (c=0.0, f=0.0) 80.0 - 
260.0o
Exposure Rate  25.0 sec./o
Detector Position 127.40 mm
Pixel Size 0.100 mm
2qmax 136.4o
No. of Reflections Measured
Total: 17298
Unique: 5563 (Rint = 0.0679)
Friedel pairs: 2440
Corrections
Lorentz-polarization
Absorption
(trans. factors: 0.542 - 0.724)
C. Structure Solution and Refinement 
Structure Solution Charge Flipping (Superflip)
Refinement Full-matrix least-squares on F2
Function Minimized S w (Fo2 - Fc2)2 
Least Squares Weights
w = 1/ [ s2(Fo2) + (0.0354 . P)2 
 + 0.6660 .  P ]
 where P = (Max(Fo2,0) + 2Fc2)/3
2qmax cutoff 136.4o
Anomalous Dispersion All non-hydrogen 
atoms
No. Observations (All reflections) 5563
No. Variables 388
Reflection/Parameter Ratio 14.34
Residuals: R1 (I>2.00s(I)) 0.0585
Residuals: R (All reflections) 0.0771
Residuals: wR2 (All reflections) 0.1330
Goodness of Fit Indicator 1.093
Flack Parameter (Friedel pairs = 2440) 0.01(3)
Max Shift/Error in Final Cycle 0.000
Maximum peak in Final Diff. Map 0.42 e-/Å3
Minimum peak in Final Diff. Map -0.33 e-/Å3
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X-ray data for 207
EXPERIMENTAL DETAILS 
A. Crystal Data 
Empirical Formula	 C15H13NO4
Formula Weight	 271.27
Crystal Color, Habit	colorless, block
Crystal Dimensions	 0.300 X 0.300 X 0.100 
mm
Crystal System	 orthorhombic
Lattice Type	 Primitive
Lattice Parameters	 a =   6.0349(3) Å
	 b =  10.7661(4) Å
	 c =  19.4670(8) Å
	 V = 1264.82(9) Å3
Space Group	 P212121 (#19)
Z value	 4
Dcalc	 1.424 g/cm3
F000	 568.00
m(CuKa)	 8.706 cm-1
B. Intensity Measurements 
Diffractometer	 R-AXIS RAPID
Radiation	 CuKa (l = 1.54187 Å)
Voltage, Current	 40kV, 30mA
Temperature	 -180.0oC
Detector Aperture	 460 x 256 mm
Data Images	 30 exposures
w oscillation Range (c=54.0, 
f=0.0)	80.0 - 260.0o
Exposure Rate 	 25.0 sec./o
w oscillation Range (c=54.0, 
f=90.0)	 80.0 - 260.0o
Exposure Rate 	 25.0 sec./o
w oscillation Range (c=54.0, 
f=180.0)	 80.0 - 260.0o
Exposure Rate 	 25.0 sec./o
w oscillation Range (c=54.0, 
f=270.0)	 80.0 - 260.0o
Exposure Rate 	 25.0 sec./o
w oscillation Range (c=0.0, f=0.0)	80.0 - 
260.0o
Exposure Rate 	 25.0 sec./o
Detector Position	 127.40 mm
Pixel Size	 0.100 mm
2qmax	136.5o
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No. of Reflections Measured	 T o t a l : 
13418
	 Unique: 2313 (Rint = 0.0432)
	 Friedel pairs: 943
Corrections	 Lorentz-polarization
	 	 Absorption
	 	 (trans. factors: 0.772 - 0.917)
C. Structure Solution and Refinement 
Structure Solution	 D i r e c t M e t h o d s 
(SIR92)
Refinement	 Full-matrix least-squares on 
F2
Function Minimized	S w (Fo2 - Fc2)2 
Least Squares Weights	 w = 1/ [ s2(Fo2) 
+ (0.0309 . P)2 
	  + 0.3565 .  P ]
	  where P = (Max(Fo2,0) + 2Fc2)/3
2qmax cutoff	136.5o
Anomalous Dispersion	 A l l n o n -
hydrogen atoms
No. Observations (All reflections)	2313
No. Variables	181
Reflection/Parameter Ratio	12.78
Residuals: R1 (I>2.00s(I))	 0.0379
Residuals: R (All reflections)	 0.0516
Residuals: wR2 (All reflections)	 0.0910
Goodness of Fit Indicator	 1.182
Flack Parameter (Friedel pairs = 
943)	 -0.1(3)
Max Shift/Error in Final Cycle	 0.000
Maximum peak in Final Diff. Map	0.21 e-/
Å3
Minimum peak in Final Diff. Map	 -0.23 e-/
Å3
???????????????
91
X-ray data for 244
EXPERIMENTAL DETAILS 
A. Crystal Data 
Empirical Formula	 C18H18N4O5
Formula Weight	 370.36
Crystal Color, Habit	colorless, block
Crystal Dimensions	 0.500 X 0.500 X 0.500 
mm
Crystal System	 triclinic
Lattice Type	 Primitive
Lattice Parameters	 a =   6.7296(3) Å
	 b =   7.7293(3) Å
	 c =   8.8370(3) Å
	 a =  96.097(2) o
	 b = 114.842(2) o
	 g =  94.595(2) o
	 V = 410.78(3) Å3
Space Group	 P1 (#1)
Z value	 1
Dcalc	 1.497 g/cm3
F000	 194.00
m(CuKa)	 9.373 cm-1
B. Intensity Measurements 
Diffractometer	 R-AXIS RAPID
Radiation	 CuKa (l = 1.54187 Å)
Voltage, Current	 40kV, 30mA
Temperature	 -180.0oC
Detector Aperture	 460 x 256 mm
Data Images	 30 exposures
w oscillation Range (c=54.0, 
f=0.0)	80.0 - 260.0o
Exposure Rate 	 25.0 sec./o
w oscillation Range (c=54.0, 
f=90.0)	 80.0 - 260.0o
Exposure Rate 	 25.0 sec./o
w oscillation Range (c=54.0, 
f=180.0)	 80.0 - 260.0o
Exposure Rate 	 25.0 sec./o
w oscillation Range (c=54.0, 
f=270.0)	 80.0 - 260.0o
Exposure Rate 	 25.0 sec./o
w oscillation Range (c=0.0, f=0.0)	80.0 - 
260.0o
Exposure Rate 	 25.0 sec./o
Detector Position	 127.40 mm
Pixel Size	 0.100 mm
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2qmax	136.5o
No. of Reflections Measured	 T o t a l : 
4469
	 Unique: 2446 (Rint = 0.0409)
	 Friedel pairs: 970
Corrections	 Lorentz-polarization
	 	 Absorption
	 	 (trans. factors: 0.500 - 0.626)
C. Structure Solution and Refinement 
Structure Solution	 D i r e c t M e t h o d s 
(SIR92)
Refinement	 Full-matrix least-squares on 
F2
Function Minimized	S w (Fo2 - Fc2)2 
Least Squares Weights	 w = 1/ [ s2(Fo2) 
+ (0.0659 . P)2 
	  + 0.2526 .  P ]
	  where P = (Max(Fo2,0) + 2Fc2)/3
2qmax cutoff	136.5o
Anomalous Dispersion	 A l l n o n -
hydrogen atoms
No. Observations (All reflections)	2446
No. Variables	244
Reflection/Parameter Ratio	10.02
Residuals: R1 (I>2.00s(I))	 0.0480
Residuals: R (All reflections)	 0.0564
Residuals: wR2 (All reflections)	 0.1458
Goodness of Fit Indicator	 1.140
Flack Parameter (Friedel pairs = 
970)	 0.4(4)
Max Shift/Error in Final Cycle	 0.000
Maximum peak in Final Diff. Map	0.22 e-/
Å3
Minimum peak in Final Diff. Map	 -0.28 e-/
Å3
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IV.  DFT Calculation of 214
SPARTAN '14 MECHANICS PROGRAM: 
(Win/64b) Release 1.1.2
Job type : Geometry optimization.
Method : B3LYP
with : THF Solvation added
Basis set : 6-31G* 
With Options : PREOPT=6-31G*
Charge : neutral (singlet)
Energy : -936.328577 hartrees
uncorrected Intensity
cm⁻¹
1 40 0.00
2 50 2.39
3 59 1.94
4 93 0.00
5 123 1.05
6 142 0.02
7 143 1.79
8 155 3.05
9 164 1.68
10 170 12.40
11 208 1.54
12 252 9.72
13 271 2.06
14 278 0.74
15 299 2.99
16 331 20.03
17 365 25.85
18 393 4.88
19 417 19.48
20 427 11.94
21 437 29.28
22 443 0.00
23 508 2.25
24 539 11.25
25 550 3.26
26 554 1.12
27 661 10.29
28 674 3.63
29 711 8.50
30 723 5.01
31 755 12.42
32 755 29.10
33 767 5.07
34 773 52.99
35 783 7.81
36 811 0.00
37 846 4.49
38 869 28.69
39 890 1.09
40 952 9.84
41 959 20.27
42 969 0.30
43 981 17.94
44 983 46.16
45 999 0.03
46 1004 29.97
47 1026 38.99
48 1059 13.85
49 1076 208.83
50 1118 50.67
51 1133 12.85
52 1153 89.19
53 1154 20.69
54 1161 34.14
55 1179 2.37
56 1198 0.19
57 1216 41.06
58 1218 35.27
59 1229 286.13
60 1256 15.03
61 1279 13.48
62 1283 95.99
63 1321 415.09
64 1335 139.65
65 1350 4.46
66 1362 429.20
67 1379 19.67
68 1380 0.43
69 1387 43.88
70 1407 55.38
71 1484 15.00
72 1492 38.52
73 1497 22.51
74 1510 278.53
75 1512 11.15
76 1520 88.08
77 1523 12.91
78 1524 4.03
79 1533 20.34
80 1639 62.96
81 1658 369.80
82 1744 386.56
83 1749 665.56
84 1766 238.41
85 3063 1.56
86 3065 26.47
87 3074 53.03
88 3076 3.25
89 3095 44.81
90 3124 35.61
91 3126 3.50
92 3136 2.91
93 3137 28.35
94 3177 20.46
95 3204 11.17
96 3212 4.84
97 3222 6.60
98 3235 24.25
99 3299 1.19
( C o r r e c t e d 
frequencies are 
d i s p l a y e d i n 
Spartan)
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SPARTAN '14 MECHANICS PROGRAM: 
(Win/64b) Release 1.1.2
Job type : Geometry optimization.
Method : B3LYP
with : THF Solvation added
Basis set : 6-31G* 
With Options : PREOPT=6-31G*
Charge : neutral (singlet)
Energy : -936.322787 hartrees
uncorrected Intensity
cm⁻¹
1 22 0.23
2 52 3.43
3 57 0.77
4 87 0.61
5 128 0.18
6 147 0.24
7 148 0.20
8 168 4.14
9 173 2.85
10 189 4.25
11 215 9.30
12 243 1.36
13 261 5.89
14 264 2.05
15 297 2.22
16 334 15.78
17 368 25.69
18 403 10.76
19 415 35.73
20 433 4.20
21 443 21.92
22 474 0.37
23 502 3.11
24 535 12.40
25 552 2.62
26 581 3.24
27 649 4.52
28 673 5.37
29 702 9.34
30 718 1.15
31 745 0.55
32 749 0.33
33 757 31.12
34 770 52.68
35 792 15.66
36 799 0.13
37 846 28.67
38 872 0.63
39 884 1.16
40 932 1.35
41 955 32.89
42 963 132.32
43 968 0.03
44 983 20.34
45 987 26.86
46 998 0.00
47 1034 0.15
48 1061 8.10
49 1097 257.19
50 1121 21.68
51 1130 42.04
52 1135 2.70
53 1154 77.73
54 1169 55.84
55 1181 2.62
56 1201 2.74
57 1217 38.50
58 1223 22.02
59 1233 270.54
60 1261 4.30
61 1278 15.10
62 1295 110.62
63 1314 90.19
64 1329 288.51
65 1365 594.29
66 1371 18.90
67 1380 39.80
68 1390 16.36
69 1396 5.45
70 1412 21.74
71 1484 13.37
72 1487 74.94
73 1499 6.47
74 1509 247.30
75 1511 8.43
76 1513 11.81
77 1517 24.31
78 1522 74.78
79 1524 14.37
80 1639 69.70
81 1660 335.73
82 1755 705.25
83 1759 642.44
84 1763 28.31
85 3062 27.72
86 3065 9.88
87 3083 18.65
88 3085 49.05
89 3096 43.78
90 3109 33.10
91 3111 12.39
92 3134 13.77
93 3136 13.92
94 3179 20.22
95 3204 11.44
96 3212 4.23
97 3221 6.95
98 3234 24.03
99 3305 1.46
( C o r r e c t e d 
frequencies are 
d i s p l a y e d i n 
Spartan)
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